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THE PATHOGENICIOY OF FUSARIU&I NIVEUM EPS. 
Al'm THE DEVELOPMENT OF RESISTAHT STRAIHS 
OF CITRULLUS VULGARIS SCHRQD. 
Donald R. Porter,•» Assistant in the 
Botany and Plant Pathology section 
IHTRODDCTIOH 
Since the discovery of watermelon v;ilt, caused by Fusarium 
niveum EPS., in 1894, this disease has gradually spread until 
it is now a serious limiting factor in watermelon production in 
the United States. It has been reported from all the states 
where v;aterraelons are grovm extensively and has, in certain 
states, caused annual losses as hi^ as 90 per cent of the 
crop. In Iowa it has reduced the average annual acreage 90 
per cent and l-<he average annual shipments from about 3,000 to 
less than 50 carloads. 
ITie excellent work of Erwin F. Smith (55) in establishing 
the cause of watermelon wilt and the early work of W.A. Orton 
(17) demonstrating the existence of varietal resistance and 
the possibility of developing resistant strains were a great 
impetus to investigation of the cause and control of plant 
diseases induced by species of the genus P^xsarium. Following 
Orton*s (19) lead, an effort was made in 1926 to develop a 
resistant variety suitable for the Iowa growers who had been 
« The writef"wishes to express his indebtedness to Drs. I.E. 
Melhus and C.S. Reddy for critical reading of the manuscript, 
and to Dr. Melhus for helpful suggestions and criticism given 
throughout the course of these investigations. 
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forced to ceaae growing watei^nelons. In this work it soon 
became evident that further investigation of symptoms, infec­
tion, environmental influences, pathogenicity, and seedling 
resistance was necessary in order to make maximum progress 
with control. Therefore, it is the purpose of this paper to 
present the results of studies of the biology and host rela­
tionships of B'usarium niveum, and of attempts to develop var­
ieties, selections, and hybrids resistant to watermelon wilt. 
REVISV/ OP PERTINENT LITERATURE 
In 1894 Smith (32) proved the pathogenicity of the organ­
ism causing watermelon vfilt and named it Fusariiim niveum. He 
found that it was a vascular parasite which entered the plant 
through the infested soil, that it interfered with the movement 
of water through the plant, that it produced microconidia in 
abundance within the tissues of infected plants, and that in­
fection probably took place principally during the first fev/ 
vjeeks after planting the seed. The following year, he (33) 
identified macroconidia and chlamydospores and reported that 
the fungus lived over v/inter in the soil, also \ghen the fungus 
was grown on artificial media containing high starch content 
and free from alkali, various brilliant colors such as yellow, 
brovm, crimson, and purple appeared. Two years later, he (34) 
reported that the organism was often disseminated with manure. 
In 1899 (35) he gave an excellent report of the morphology. 
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vitality, longevity, pathogenicity, and dissemination of the 
fungus# He described some of the symptoms on seedlings and 
more mature plants, gave an account of the relation of the 
fungus to the host, and stated that v/aterraelon v;ilt was caused 
by Meocosmospora yasinfecta var. nivea, the perfect stage of 
the causal organism. However, he was unable (1) to produce 
infection of watermelon plants with ascospores of NeoeosmosDora, 
and (2) to produce the perfect stage of Neocosmospora in cul­
ture from asexual spores of Fusariusi niveuBi# 
Higgins (V) failed to confirm Smith* He showed that Heo"" 
cosmospora yasinfecta did not produce macroconidia, chlamydo-
spores, or pigmentation on artificial media. Moreover, he was 
unable to produce perithecia from conidia of Fusarium vasin-
fectum. Butler (1), v/orking in India, proved that Neocosmospora 
yasinfecta was commonly a saprophyte, fruiting on plant tissue 
which had been killed by other organisms. He did not get con­
clusive cases of wilt when he inoculated pigeon-pea, cotton, 
indigo, or gram with sub—cultures from ascospores of Keocosmos— 
vasinl'ecta, Higgins (7), however, worked with Fu.sarium 
vasinlectum Atk*, while Butler (1) v/orked vs/ith Pusarium udum 
Butler• 
Therefore, it remained for Wollenweber (42) to demonstrate 
that watermelon v;ilt was not caused by Heocosmospoi^ vasinfecta 
and that there was no genetic connection between Meocosmospora 
vaslnfecta and Fusariuia nlveum. He found that mycelium, raicro-
conidia, and macroconicia of Neocoamospora vasinfecta were 
unable to produce wilt. He further found that iTeocosmospora 
had no cporodochial or pionnotes stage, that macroeonidia were 
seldom produced and that chlamydospores were lacking. He also 
found sllglit differences in the morphology of the septate 
asexual spores of the two organisms. In viev-r of morphological 
and physiological differences in the two organisms and. in view 
of the fact that Heocosmospora vaslnfecta ^as unable to produce 
symptoms of wilt, Wollenv/eber confirmed the findings of Higgins 
and Butler that Heocosmospora vasinfecta was an obligate sapro­
phyte and not the ascomycetous stage of a Fusarium. 
Orton (15) (16) (17) (18) (19), from 1902 to 1911, showed 
that varieties of Citrullus vulgaris differed in their resis­
tance to v/atermelon v/ilt. He found that tv/o inedible varieties 
of South African origin and the variety Stock citron were marked­
ly resistant to the disease. He crossed the variety Stock 
citron on the wilt susceptible variety Eden and obtained the 
wilt resistant variety Conqueror. This is probably the first 
instance kno\vn v;here,, by hybridization, a plant variety resis­
tant to a Pusarial disease has been developed. 
Taubenhaus (38), working in Texas, was able to shov/ that 
the organism was widely distributed at different depths in the 
soil, that it spread more rapidly in field soil vdiere mnure was 
used than where commercial fertilizers were applied, and that 
the pathogen V7as more active during warm than cool seasons. He 
also stated that the var. Conqueror was 100 per cent resistant 
under Texas conditions» 
The writer (22) (23) (24) (25) (26) (27) has shown that 
yusariutn niveum may produce four symptoms in addition to typical 
wilt as described by Smith (35); that infection may be induced 
(1) through the use of infested soil, (2) by means of spore 
suspensions of the organisms injected with a hypodermic needle 
into the hypocotyl, and (3) by the insertion of. the myceliijm 
into wounds; and that the organism probably enters the host 
througih root hairs, root injuries, and through the epidermis of 
the hypocotyl. He V7as able to recover the organism from primary, 
secondary, and tertiary roots, from stems, petioles, leaves, 
peduncles, melon flesh, and seeds of infected plants, and re­
covered the organism from and observed it in the vascular 
tissues of what appeared to be normal, healthy plants. He also 
found l;hat the organism flourished at hi^ temperatures and on 
both acid and alkaline media. He further found that all 
commercial varieties tested were susceptible to the organism, 
but that nine strains of forage melons were highly resistant; that 
plants of the Pi of susceptible x resistant plants were suscep­
tible; that resistance of the P2 progeny varied ?/lth the resis­
tant parent used, and that the flesh quality of the resistant 
parent appeared to be dominant in the F2_» Porter and Melhua 
(28) reported 'Joat individual plants of susceptible varieties 
appeared resistant# that two edihle foreign varieties were 
resistant, that in some cases the Pg progeny of conqueror x 
Kleckley sweet crosses possessed some resistance and that the 
P3 progeny of the variety Kleckley sweet x the .Inedible variety 
Fihite seeded were 86 per cent resistant but that there v/ere few 
edible fruits produced in the F3 generation. 
Other investigators have contributed to our knowledge of 
Fusarium niveum as follows: Pulton (5) demonstrated that the 
organism mi^t be carried on the seed; Mansval (11) found that 
the organism could still be viable after being stored on a 
mediiim in a test tube at eight degrees centigrade for ei^t 
years5 Farneti (6) working in Italy stated that cucurbit wilt 
was caused by Fusarixim niveum; Stuckoy (37) in a bulletin 
entitled "Vjatemnelona" in which B. B. Higgins wrote of water­
melon diseases, stated that one wilt infected plant in a field 
indicated that the following year the disease mi^t cause total 
loss* 
PATHOGEN ICrK AHD HOST RELATIONSHIPS 
OP FUSARIUM KIVEUM INFECTION 
It has been shown by Smith (35) that infection may be 
induced throu^ the use of infested soil, while the writer (24) 
has shown that infection may be induced by means of spores sua-
pensions of the cauaal organism injected into the hypocotyl 
with a hypodermic needle, and by the insertion of the mycelium 
into v/ounded roots. Additional evidence was presented by the 
writer (24) that the organism probably entered bhe hoat throu^ 
root hairs, root injuries, and through the epidermis of the 
hypocotyl. 
In addition, it often has been observed in the field that 
only one end of a runner shows symptoms of wilt infection. In 
such cases the leaves on the outer end appear noraal, while 
those on the same runner near the crown of the plant are v/ilted. 
In other instances, the leaves on the outer end of a runner 
g]^Q\iy symptoms of infection, while those on the same i*unner near 
the crovm of the plant appear normal. When either of these con­
ditions occur usually it is found that new roots have formed 
where a part of the stem has been covered with soil. In the 
event that the outer end of tlie runner is infected, it is likely 
that infection haa taken place through these small roots. In 
the event that the outer end of the runner is normal, while the 
part between the crovm and the point --vhere new roots have formed 
is Infected, it appears that the new roots have formed in non-
infested soil and enabled the outer end of the runner to re­
main alive, while that part near the crown shov/s symptoms of 
wilt from infection through the main roots. 
Runners have been induced to form roots by covering a small 
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portion with moistened Infested soil. The outer end became 
infected, while the main part of the plant rejnained normal. 
This has been done with plants growing in disease-free soil 
as well as v/ith bhose growing in infeated soil. This may offer 
an explanation as to why all of the runners of a given plant 
fail to show symptoms of infection at the same time. Smith 
(35), on the other hand, called attention to the fact that 
althou^ nearly an entire plant showed symptoms of infection, 
it often happened that certain runners, which bore melons, re­
mained normal for several days after the main part of the plant 
had died. This, without experimental evidence, he attributed 
to the fact that such a runner obtained water and plant food 
from the melon. 
Wind-Blown Sand - a Probable 
Precursor of Watermelon Wilt 
on June 12, 1928, a severe sand storm injured a large 
number of plants of many varieties of v;atermelons groiving in 
infested soil at Conesville. It so happened that alternate 
rows had been planted with seed of the varieties Stock citron 
and Kleckley sweet. Both varieties appeared to be equally 
injiired by the wind-blovm sand, as counts made on June 13 
indicated that practically an equal percentage of plants of 
these two varieties had been destroyed. On June 17, counts 
were made again and still the injury appeared equally diatri-
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buted among the plants of these two varieties. On Jxine 25, 
however, the plants of the variety Stock citron had apparently 
recovered from injury and were growing normally. The plants 
of tiie var* Eleckley sv;eet still appeared unthrifty, stunted, 
chlorotic, and apparently v/ere making little growth. From 
June 26 to 50, plants of the var. Kleckley sweet wilted rapidly 
and died, while the plants of the var. Stock citron continued 
to make normal growth. Plants of the var. Eleckley.sweet not 
injured by the wind blown sand, but growing in another part of 
the field likewise continued to make satisfactory growth, 
many of them living until August 1 or later. V/hile this evi­
dence is based only on observation, it seems to indicate that 
plants injured by wind-blown sand show symptoms of infection 
sooner than uninjured plants. 
Symptoms 
Six symptoms of v/atermelon wilt are known. These are: 
seedling wilt, wilt of more mature plants in the field, damping 
off, seedling rot, stunting, and root canlcer. Smith (35) 
described seedling wilt and wilt of mature plants, and the 
writer (24) described the remaining four. Seedling wilt is 
characterized by drooping and flaccidity of the cotyledons• 
Wilt of more inature plants is characterized by wilting of the 
above ground parts of the plant. Seedling rot is manifested 
by necrosis of the hypocotyl and radicle before the seedling 
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emerges from the soil. Stunting is characterized by dwarfing 
of fchs plants. I}amping off is expressed by necrosis of the 
epidermal and cortical tissues of the hypocotyl at the surface 
of the soile Ganlcers occur on the roots of plants grov.'ing in 
infested soil, characterized by vjater-logging and brown to 
black discoloration. 
In addition to the symptoms described above, two addi­
tional syrnptoiDs raay appear on plants grov/ing in infested field 
soil. The first is a chlorotic condition of the leaves. This 
is very common on the leaves of plants growing in heavily in­
fested soil and is particularly noticeable late in the season. 
It has been observed repeatedly during August and September, 
but not until September, 1928, did it appear certain that this 
chlorotic condition of the leaves was induced by Fusarium 
niveum. Reference is made on page 88 of this paper to mass 
selection for wilt resistance in Field No. 4 at Gonesville in 
1928. It is stated that 286 plants in this fifteen-acre field 
appeared resistant on September 1. These plants were marked as 
indicated and v/atched closely until September 22. On September 
10 it v?as found tJiat of the 286 plants ori^iniilly marked, many 
of the leaves, althou^ shov/ing no signs of typical wilting, 
were chlorotic. Others showed no signs either of v/ilting or 
chlorosis, but appeared vigorous and noiTnal in evei»y respect. 
On September 22, when the melons v;ere harvested, it was found 
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that many of the plants which v^ere chlorotic on September 10 
were dead because of wilt infection, while the plants which 
appeared normal and non-chlorotic on September 10 v/ere still 
normal on September 2S. IThis evidence is not conclusive be­
cause cultural evidence is lacking, but this condition has 
been observed so often in the field, particularly during 
September, that it is believed that chlorosis, of the leaves is 
a symptom of infection. 
A second undescribed symptom has also been observed con-
* 
stantly on plants growing in infested field soil. It is char­
acterized by general stunting, by development of niuaerous 
flowers near the outer end of tlie runners, and by absence of 
leaf wilting. The flower's are usually smaller and more numer­
ous than those produced on normal plants, three or four often 
developing within t?/o inches of the outer end of the runner. 
In most cases, ooth xiuile and female flov/ers develop, but before 
fertilization takes place such plants usually die. Plants which 
exhibit this symptom never have been found to recover, and 
usually wilt within a week after this symptom appears. The 
reason for this excessive blossoming appears to be due to 
shortening of internodes of infected plants. Hon-infected 
plants seldom produce flowers within four or five inches of 
the outer extremity of a runner, vilhlle cultural evidence is 
again lacking, it appears that the formation of flowers at 
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the extremity of runners is due to infection by FusarixMi iiiveum. 
Cultural characteristics 
Cultures of gusariiam niveum have been received from many 
sections of the United States, and tlieir source is indicated in 
table 1. Single macroconidikl cultures were made of Nos, 5, 10, 
13h, 14a, 15a, 17, 19. 21, 24, and 25, but not of Nos« 27, 28, 
31, 32, 34, 35, or 36. The pathogenicity of the cultures was 
detei'mined as followas ten-day old cultures growing on steamed 
Lycopersicum esculentum Mill, stems in test tubes were buried 
in steamed soil in four-inch greenhouse pots. Surface disin­
fected seeds were planted and isolations made from wilting 
plants. Checks were provided by planting surface disinfected 
seeds in uninfested steamed soil. 
Having established the pathogenicity of these 17 cultures, 
determinations v;ere made of: (1) ttie relative rate of growth on 
potato dextrose agar media, (2) ability to produce macroconidia, 
microconidia, and sclerotia, (5) relative degree of pigmentation 
produced on several kinds of media, (4) ability to acidify or 
to produce alkalinity in neutral agar culture media, (5) rela­
tive rate of starch digestion in steamed rice, and (6) morphol­
ogy of the colonies. 
Rate of growth on potato dextrose agar media. 
The relative rate of mycelial growth was determined on 
potato dextrose agar, acidified v;ith a dilute solution of sodium 
—13*» 
hydrate and adjusted at 55®C. to a pp of approximately 5*6. 
l^ree trials were made using a total of nine plates per cul­
ture. The results are presented in table 2. 
Tiae data in table 2 indicate that there were sli^it differ­
ences in the relufcive rate of mycelial grov/th of various cul­
tures of Fuaarium niveum; such differences were quite pronounced 
when cultures 19 and 21 \vere compared with cxiltures three and 
35. The two former v/ere from South Carolina and Georgia, 
respectively, while the two latter were from Iowa. Cultures 
19 and 21 were consistently slow in growth, as contrasted with 
Ko* three which alv/ays covered the surface of the medium in a 
petri dish before any of the others under similar conditions. 
The relative rate of ciycelial growth of some of these cultures 
Is shown in Pig. 1. 
pigmentation. 
Having determined the relative rate of mycelial growth of 
these cultures, determinations v/ere made of the ability of 
these cultures to produce pigmentation on potato dextrose agar, 
steamed rice, and sterile oats, 
poured plates of potato dextrose agar, having a pH of 
approximately 5.6, v;ere inoculated in triplicate v.'ith mycelium 
and spores of tlie various cultures and incubated at 26®C. 
Similar trials were conducted several times but, as subsequent 
trials were in close agreement, only the results of the first 
are presented in table 5« 
Table !• Source of cultures of Pusariuni niveum. 
Accession 
number 
Source 
• 
s Agency through vrhich culture was 
: received, etc. 
3 Iowa Isolated in 1926 from an apparently 
healthy vine• 
10 Iowa Isolated in 1926 from a badly rotted 
secondary root» 
13h Iowa Isolated in 1926 from a peduncle of a 
wilting vine. 
14a Iowa Isolated in 1926 from the flesh of a 
melon attached to a xvilting vine. 
15a Iowa Isolated in 1926 from seeds of a melon 
attached to a wilting vine. 
17 lov7a It IT ti n It 
19 S. C. W.W. 
U.S. 
Gilbert, Bureau of Plant Industry, 
Department of Agriculture. 
21 Georgia B.B. Hi-:;gins, Georgia Agr. Exp. Station 
24 Tennessee C.D. Sherbakoff, Tenn. Agr. Exp. Sta. 
25 II M n n n n n 
27 W. Va, E.G. Sherwood, W. Va. Agr. Exp. Sta,. 
28 California ij .B. Kendrick, Calif. Agr. Exp. Sta, 
29 n rt It n n n ii 
31 Arkansas V.H. Young, Ark, Agr, Exp, Station 
32 Miss. B.C. Heal, Miss. Agr. Exp. Station 
34 Isolated from a wilting plant (growing 
in infested soil sent by R.P. Poole, 
W. C. Agr. Exp. Station. 
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Table 1 continued 
• 
• 
Acceesion: Source 
• 
: Agency through vdiioh culture vms 
number : ; received, etc. 
55 Iowa Isolated from a root of a healthy 
appearing Stock citron plant. 
36 California Isolated from a wilted plant which had 
grown in infested soil sent by" the 
late J, T, Rosa, California Agr. Exp* 
Station, 
Table 2. A comparison of the relative rate of mycelial growth of various cultures 
^sarium niveum at 30^0. on potato dextrose agar having a pH of approxi-
raately 5.'6» 
, : : : s : 
J : First trial ; Second trial : Third ! Average 
Culture:Source:Cultures 7 days oid:C;uitures 7 days old:Gultureia 6 days old: ~1*~Avr• diameter 
number : :Muinber:Av. Giameter:Number:Av. diameterjJiumberjAv. diameter:Number ; colonies. 
;plate3; colonies »Gma;plates: colonies. cm&:plates: colonies»cmsi;plates ; Cms« 
3 Iowa 3 3.4 2 7.7 4 6.0 9 5.7 
10 11 3 3.4 2 6.1 4 5.7 9 5.1 
13h n 3 3.4 2 6.7 4 4.5 9 4,8 
14a II 3 3.3 2 6.1 4 4.5 9 4.6 
15a ti 3 3.3 2 6,1 4 5.1 9 4.8 
17 ti 3 2.8 2 7.5 4 5.0 9 5.1 
19 S.C. 3 2.3 2 5.6 4 3.6 9 3.8 
21 Ga • 3 2.2 2 4.5 4 4.2 9 3.6 
24 Tenn. 3 3.4 2 6.9 4 5.4 9 5.2 
25 ti 3 3.6 2 6.3 4 4.6 9 4,8 
27 W.Va. 3 2.9 2 6,3 4 4.6 9 4.6 
28 Calif, 3 3.5 2 7.3 4 4.5 9 5.1 
29 ti 3 3.6 2 6.1 4 4.8 9 4.8 
31 Ark. 3 2.4 2 6.2 4 4.4 9 4.3 
32 Miss. 3 • 5 2 6.3 4 5.0 9 4.9 
33 Japan 3 3.1 2 6.1 4 3.3 9 4.3 
34 N.C. 3 3.5 2 7.7 4 5,7 9 5.6 
35 Iowa 3 3.5 2 8.0 4 5.5 9 5.7 
36 Calif, 3 3.4 2 7.2 4 . 5.8 9 5.5 
38 Africa 3 3.6 2 7.3 4 • 4,5 9 5.1 
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Pig, 1. Relative rate of nsycelial growth of different 
cult"ures of Fuaaylum nivexuau 
• Upper row: Left to right. 
14a ~ Iowa 
21 - Georgia 
17 - Iowa 
13h - " 
Lower row; Left to right, 
3 - Iowa 
10 - " 
19 - South Carolina 
26 - Tennessee 
-18 
Table 3« Pigmentation produced by various cultures of Fusarium 
niveum grown on potato dextrose agar at 26®C. 
Cultures : 
number; Source; ; Pigmentation 
3 Iowa Us'aally faintly pink, well distributed throu^ 
the colony but soraetlmes in radial bands, 
10 " Deeply pink in center of colony, usually with 
concentric rings of alternate pink and v/hite. 
13h " Usually none, but sometimes faintly yellow to 
creamy white, 
14a " Pink center with concentric rings of white and 
pink, 
15a " Deeply pink except for a white periphery. 
17 " Dilute pink in radial bands, 
19 S. C, Deep pink to almost blood red - most intensely 
colored of all cultures. Becomes p^irple with 
age, 
21 Georgia Dilute pink, well distributed tlirough the col­
onies. With advancing age, sli^t purple pig­
mentation is produced. 
24 Tenn. Intensely pink in center of colonies with radial 
pink bands extending to periphery. 
25 " Pink color practically absent, 
27 W. Va, Dilute pink pigmentation confined to the center 
of the colonies, 
28 Calif, Center of colonies deep pink vjith faint pink 
bands radiating outward, 
29 " Intense pink concentric rings, 
31 Ark. Center dilute pink. Color practically absent. 
32 Miss, Almost pure white with few small pink spots. 
••IS** 
Table 3» continued. 
Culture: 1 
nurriber; Source; Pigmentation 
34 H.C* Radial bands of pink with occasional blotches 
of pinks 
35 Iowa Deep pink in center of colonies v/ith dilute 
pink pigmentation generally scattered throu^. 
36 Calif. paint pink concentric rings. ' 
The data in table 3 show that some cultures of Fusarium 
niveum were unable to produce pigmentation of potato dextrose 
agar media and others produced different degrees of pink or 
red pigmentation. Distinct differences in pigmentation were 
noted in cultures 13h and 19, Kumber ISh never produced red 
or pink pigmentation and only seldom a faint yellov/. Number 
19 alv/ays produced deep pink to blood red pigmentation and, 
when old, intense purple* As is indicated in the table, there 
were slight differences in the degree and consistency of pig­
mentation produced by the various cultures* 
PJhen these cultures v/ere grown on potato dextrose agar 
slants in test tubes, the pigmentation -was practically identi­
cal with that produced on poured plates of the same mediiun. 
IJiese cultures v;ere also grown on steamed rice in test 
tubes incubated at 26^0. and notes on pigmentation taken after 
six, 11, 15, and 50 days with the results v/hich appear in 
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table 4. She degree of pigmentation is indicated as 0, 1, 2, 
3, 4, 5, or6j 0 indicating absence of pigmentation, 5 indicat­
ing the most Intensely pink or re^ and 6 indicating purple. It 
should he noted that tho intensity of pigmentation increased 
very slov/ly, if at all, foi- each individual culture after six 
days. Culture 13h remained colorless. Gultiires tiiree, 14a, 
15a, 19, and 21 wore as intensely colored after six days as 
after 30, except for the purple pigmentation v/hich appeared In 
cultures 15a, 19, and 21, Only seven of the 20 cultures pro­
duced purple pigmentation after 30 days. 
Some of these cultures were grown on sterile oats in pint 
glass jars and the degree of pigmentation noted. The results 
follow: No. 3 — faintly pink in spots; No, 14a — deep red to 
purple; No. 19 — deep red to purple; No. 21 — red but not as 
intense as No. 19; No. 24 — faintly pink; Ho. 27 — faintly 
pink; Ko. 29 — faintly pink; and No. 30 — faintly pink. 
Starch digestion. 
During the pigmentation experiment using steamed rice, a 
difference in the rate of digestion of the rice in the tubes 
was noted. To investigate this ciaracter further, the diges­
tive power of the various cultures was determined in a tripli­
cate series of test tubes containing steamed rice. The rate 
of digestion is indicated in table 6 as 0, 1, 2, 3, 4, 5, or 
6; 0 indicating no digestion and 6 most rapid digestion. 
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Table 4. Degree^- of pigjneiitation pii'oduced by various cultures 
Fugarium nlveim. v/hen grown on steamed rice in test 
tubes. Cultures grotm in triplicate. 
Degree of pigmentation 
Culture 
number 
: Source : 
• 0 
After 6 
days 
; A^ter 11 
: days 
; After 15 : 
t days i 
After 30 
days 
3 Iowa 2 2 2 2 
10 ji 2 2 2 3 
13h t» 0 0 0 0 
14a n 3 3 3 
15a fi 4 4 4 4 & 6 
17 II 2 3 3 3 
19 S. C» 5 5 5 5 & 6 
21 Georgia 4 4 4 4 & 6 
24 Tenn, 3 3 3 3 & 6 
25 tt 4 5 5 5 & 6 
27 W. Va. 3 4 5 5 & 6 
28 Calif, 3 3 4 4 
29 u 3 4 4 4 
31 Arkansas 1 2 3 4 
32 Miss. 2 4 4 5 ^ 6  
34 ir.c. 2 3 3 3 
35 Iowa 2 2 2 3 
36 Calif. 2 2 3 3 
Range from 1 (dilute pink) to 5 (dark red) and 6 indicat­
ing purple# 
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The data in table 5 shov; that these cultures differed in 
their ability to digest starch when grown on steamed rice. 
Cultures 3, 10, 17, 29, and 36 had slight digestive action, 
while cultures 15a, 19, 25, 27, 31, and 32 had strong digestive 
action. The remaining cultures were intermediate in their 
digestive action. 
Table 5. Ability of various cultures of P^sarium nlveum to 
digest starch present in steamed rice.' 
Culture : Source : Af'ter 15; After After '45 After 60 
number ; ; days : days : days ; days 
3 Iowa 
10 " 
13h " 
14a " 
15a " 
17 « 
19 S.C. 
21 Ga. 
24 Tenn. 
25 " 
27 W.Va. 
28 Calif. 
29 " 
31 Ark. 
32 Miss. 
33 Japan 
34 N.C. 
35 Iowa 
36 Calif. 
38 Africa 
0 0 1 1 
1 1 1 1 
0 0 0 2 
2 2 2 2 
4 4 5 6 
tr. 1 1 1 
4 5 5 5 
3 3 3 4 
0 0 1 3 
2 5 5 5 
4 6 6 6 
1 1 1 2 
0 0 0 1 
2 5 5 5 
2 4 4 6 
2 2 2 2 
1 2 3 3 
1 2 2 2 
1 1 1 1 
Tr. 1 2 3 
—23— 
Add and Alkali Production in Culture Media. 
Two media were prepared; (1) potato dextrose agar vsras neu­
tralised v/ith dilute sodium hydrate and 10 cc. poured into petri 
dish plates; (2) two per cent of agar agar was added to Richard's 
solution made neutral v/ith dilute sodium hydrate and plates 
were poured. Three plates of each medium were inoculated with 
each of the various cultures and the relative acidity or alk­
alinity of the media recorded after about five days. Results 
appear in table 6. 
The data in table 6 indicate some difference in the abil­
ity of the various cultures of Pusarium niveutn to cause acidity 
or alkalinity of the culture medium. Cultures 14a and 17 made 
both media alkaline at all times. Culture 25, similarly, made 
both media acid. The other cultures were not consistent in 
causing acidity or alkalinity, 
Moiphology. 
Studies of the morphology of the colonies were made on 
potato dextrose agar adjusted at 55°C. to a pH of approximately 
5.6. Poured plates were inoculafced in triplicate and results 
recorded after six days as indicated in table 7« 
Observations recorded in table 7 show tiiat cultures Nos, 
3, 10, 17, 24, 25, 29, 32, 34, 35, and 36 exhibit well-marked 
radial growth which is not present in tlie case of Nos, 13h, 
14a, 15a, 19, 21, 27, 28, and 31, It was not possible to 
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•Table 6. Ability of various cultures of Fusarium niveum to 
produce alkalinity or acidity of various culture 
iriedia. 
i ; Acidity or aTkalinity produced 
; :0n Richard's : 
Culture: :solution con- ; On potato dextrose agar 
nuirher tSource:taining 2 per ;After: After % Al'ter : After 
: ;cent agar agar; 4 : 8 : 10 : 20 
i ; After 7 days ! days: days ; days ; days 
3 Iowa -
o
 
o
 4 4 
10 n - « 4* 
13h n - 4 - -
14a tt - - - -
16a II + 0 4 - -
17 11 mm - - -
19 S.C. mm 0 0 4 
21 Ga • 4 0 4 4 -
24 Tenn. - 0 4 M* 
25 II 4 0 4 4 4 
27 W,Va. 4 
28 Calif. 4 
29 » -
51 Ark. 4 
32 Miss. 4 
34 N.C. -
35 Iowa 
36 Calif. 4 
-»In this table 0 indicates that no change occurred, -f indicates 
an acid, and - an alkaline reaction in the medium. 
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establish positive correlation of the morphology of the colon­
ies with the locality from vsrhich the various cultures were 
secured. 
Table 7. Moiphology of colonies of various culttires of Pusar-
ium nlvetim when grov/n for six days on potato dextrose 
agar having a pH of approximately 5»6, 
Culture: T 
number :Source: 
Brief description of gross 
morphology of colonies 
3 
10 
13h 
14a 
15a 
17 
19 
21 
24 
25 
27 
28 
29 
lov/a 
It 
S.C. 
Oa, 
Term • 
W.Va. 
Cushion-like center, growth distinctly radial. 
Growth distinctly radial, entire colony 
cushion-like. 
Fairly sparse growth, radial growth not pro­
nounced. 
Cushion-like only in center of colony, radial 
growth not pronounced. 
Entire colony cushion-like, indistinct radial 
growth. 
" " » , distinct " 
Matted growth, not radial, but in concentric 
rings. 
Entire colony cushion-like, radiation marked. 
Sparse growth, not cushion-like, radiation 
marked. 
Cushion-like in center of colony - no radial 
growth except near the periphery. 
Calif. Matted growth in center of colony, cushion­
like periphery, growth not radial. 
" Sparse growth - radial growth marked. 
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Table 7. continued. 
Culture 
number 
• • 
* • 
:Source: 
Brief description of gross 
morphology of colonies 
31 Ark. Cushion-like colony, indistinct radial growth 
32 Miss* Sparse growth, distinctly radial. 
34 N.C. Cushion-like growth, concentric rings and 
radial growth. 
35 Iowa Same as No. 34. 
36 Calif. H II IT n 
Sporulation* 
The type and the relative frequency of sporulation were 
deter*rained: (1) on plate cultures of potato dextrose agar, (2) 
on agar slants, and (3) on steamed Lycopersicura stems. "Ehe 
results which appear in table 8 indicate that various cultures 
of Fusarium niveuia differed considerably in their ability to 
produce laicroconidia, macroconidia, and aclerotia under the 
conditions of these experiments. 
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Table 8» Type and frequency of sporulation of various culUires 
of Pusariuxn niveum on potato dextrose agar incubated 
at 260C. Kelafcive frequency of spares indicated pro-
greL^sively as 0, 1, 2, 3, 4, 5, and 6, 
J i'l'ype ana relative frequency of spores produced on; 
: ; Foured plate colonies : Agar 
Qui-: : Microconidia : Macroconidia T" slants 
ture : Source • • tS cm. :i'eri-: cm. ri'eri-: (sclero-
no. • reenter rfrora ;phery: Center :from rpher^: tia 
• 
• • reenter « • • • reenter • • » • only) 
3 Iowa 6 6 6 G 0 0 0 
10 It 3 2 2 1 1 0 6 
1311 It 2 1 1 3 2 1 0 
14a It 6 6 6 1 1 1 3 
15a tt 2 1 2 1 1 1 0 
17 H 5 4 3 1 0 0 3 
19 s » c  •  6 6 6 6 6 6 2 
21 Ga. 2 2 2 3 3 2 2 
24 Tenn. 2 2 2 2 1 1 1 
25 It 1 1 1 1 1 0 0 
27 W.Va. 6 6 6 1 1 1 0 
28 Calif. 6 5 6 1 1 1 4 
29 It 6 6 6 2 1 1 1 
31 Ark. 1 1 0 0 0 0 0 
32 Miss. 3 5 3 2 2 4 0 
34 K.C. 4 3 2 1 0 0 5 
35 Iowa 6 5 5 2 1 1 6 
36 Calif. 6 6 6 3 2 1 6 
Relation of Soil Temperature to Seedling Rot 
Field observations seemed to indicate that a soil tempera­
ture 6f 22-270C. was near the optimum for infection. Tauben-
haus (38) found wilting to be most rapid during periods when 
the air temperature was SB^C. or higher. It '.vas shown by the 
writer (24) that the optimum temperature for the rate of my­
celial growth of Fusarimn niveum on potato dextrose agar lies 
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between 24-28°C« These findings made it seem v/ortli while to 
determine more accurately the relation of soil temperature to 
Infection. 
Accordingly, six greenhouse flats were filled with infested 
field soil and planted v»ith the varieties Xleckley sweet and 
Stock citron in alternate rows. Two flats were then placed in 
each of tliree greenhouses at soil temperatures of 16-18°C., 
20-22®C., and •^5-28®C. Record was made of the rate of emer­
gence with the' results which apjjear in table 9. 
The data 'jln table 9 show that seedling rot v/as more severe 
in soil at 16-^80C. than at 25-280c. After 22 days at 25-28®C. 
and at le-lSOG.i in infested soil emergence was 96 and 50 per 
cent, respectively. In the case of the var. Kleckley sv/eet, 
vJhile that of. th^e var. Stock citron was, respectively, 93 and 
; I 
20 per cent. After 22 days at 25-28°C. and 16-18°C. in steamed 
) 
soil emergence T;^as, respectively, 98 and 61 per cent, in the 
case of var. Kleckley sweet, while that of the var. Stock citron 
i 
v;as, respectively, 94 and 54 at the same soil temperatures. 
A 
After 22 days, feherefore, seedling rot, at 16-18®C. had reduced 
emergence from isi to 30 per cent in the case of the var. Kleck­
ley sweet, and from 54 to 20 per cent for the var. Stock citron. 
Ti^irty-five days after planting seedling rot was more pronounced 
on both varieties than it was 22 days after planting. 
i 
In steamed soil 35 days after planting the percentages of 
Table 9, Influence of soil temperatures between 16-18°C. and 25-28°C. on the 
development of seedling rot. 
Soil _ 5 ' I :lso. of : Per cent emergence - "7" 
tempera-: Variety ; Kind of : seeds days, after planting 
ture : ^ t soil tplantedtli^;14t'l6:i7!i6;2Q;^S;2'4t'26:28i3.Q:55 
16-ia^c. Kleckley sweet Infested 150 0 0 6 16 24 26 30 32 32 32 32 32 
20-22°C. tt n n 150 88 88 88 90 90 90 90 90 90 90 90 90 
25-280C» ti n It 150 94 96 96 96 96 96 96 96 96 96 96 96 
16-180G. Stock citron IT 150 0 0 0 13 13 18 20 26 23 26 26 26 
2O-22OC. II )f It 150 40 60 60 60 60 60 60 60 60 60 60 60 
25-2aOc. II It 11 150 87 93 93 93 93 93 93 93 93 93 93 93 
16-18°C. Kleckley sweet steamed 150 0 1 9 28 39 56 61 71 79 88 88 89 
20-22°C, ti II It 150 92 92 92 92 92 92 92 92 92 92 92 92 
25-280C. II II It 150 96 96 96 98 98 98 98 98 98 98 98 98 
16-18°C. Stock citron It 150 0 0 4 18 49" 49 54 69 80 81 88 90 
20-22°C. II II It 150 54 69 71 71 71 71 71 77 84 88 89 91 
25-28°C. It 11 11 150 85 88 89 91; .91 91 94 94 94 96 96 96 
plants emerged were high (89 to 98) for boiii varieties and all 
soil temperatures (16-280C.), 
In infested soil under similar conditions, seedling rot 
v.'as severe at the low soil temperature (32 and 26 per cent 
emergence), but not injurious at the hi^i soil temperature 
(96 and 93 per cent emergence)* Seedling rot, therefore, is 
a manifestation of attack by Pusarium njveum at temperatures 
somewhat lower than the optimum for the rate of mycelial growth 
of this organism in pure culture. Fusarittm niveum grows in 
culture at 15°C., though not as rapidly as at 24-28°C. Emer­
gence is much slower in steamed soil at 16-180C. than at 25-
28°C. "Therefore, it is evident that in infested soil at 16-
18*^C«> the organism has a longer period of time to infect the 
seedlings. In infested soil at 25-28°C», emergence apparently 
takes place before the organism causes seedling rot, ITxiere-
fore, watermelon:seedlings can emerge at a low (16-18®C») 
soil temperature without rotting of the seedlings, if Fusarium 
niveum is absent. 
In order to determine more accurately the seedling rot 
! 
symptoms protiuceid by Fusarium niveum at 16-18°C., surface dis­
infected seeds of the var« Kleckley sweet were planted in in­
fested soil in greenhouse flats at the rate of 20 seeds per 
row. Starting on the fifth day after planting, one row of 
seeds was dug each day for seven consecutive days. These seeds 
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were washed and placed in a solution of formalin, acetic acid, 
and alcohol. On the eleventh day these seeds were removed 
from the killing solution and a photograph made. Figures 4 
and 5 indicate the type of the attack, on the f if til day follow­
ing planting, ten seeds had germinated. On the sixth day, 14 
had germinated. On the seventh day, 16 had germinated, but 
six of the seedlings had been attacked. On the eighth day, 18 
had germinated and 11 seedlings had been attacked. On the 
ninth day, 12 of the 18 seedlings had been attacked and on the 
tenth and eleventh days, 14 and 16, respectively, of the seed­
lings had been attacked. Because, in infested soil at 26-28®C. 
after 16 days, about 90 per cent of the seedlings-had emerged, 
it is evident that at 16-180G. in infested soil, seedlings are 
rotted by Fusarium niveum before emergence. 
Relation of Soil Temperature to Seedling ?i?ilt 
In order to study further the relation of soil tempera­
ture to wilt a second series of experiments was conducted for 
this purpose. Plant cups were made of heavy cardboard patterned 
after the plant cups used by Parker (21). Ttiey were placed in 
sterilized greenhouse flats, filled to within an inch of their 
top with steamed soil, surface-disinfected seeds planted, and 
covered v/ith one-half inch of steamed soil. The flats were 
placed at a soil temperature of 25-280G. until about SO per 
cent of the plants had emerged. Then the seedlings were trans­
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planted into infested soil in greenhouse flats and placed at 
various soil temperatures. By this method seedlings were pro­
duced at a constant temperature in steamed soil, transplanted 
to infested soil, and developed further at different soil 
temperatures. iSierefore, all the plants were of the same age 
when exposed to Infection and, on account of the steamed soil, 
there was no danger of seedling rot at the lower temperatures. 
The data derived from such e3?periEients are evidence of the 
usability of this method in a study of this kind. Several 
transplanting experiments were conducted hut only three repre­
sentative, ones are suminarized in table 10, and the relation of 
soil temperature to seedling rot is shown in Pig* 2. 
The data in table 10 shov/ that watermelon v?ilt feas mucii 
more serious in soil at 25-280C. than at 16-180C. and slightly 
more serious than at 22-25°G. Within about 30 days following 
transplanting into infested soil at 25-280c. approximately 100 
per cent of the plants had died. At the same time, in infested 
soil at 16-180C. fev/ plants had wilted. The optimum tempera­
ture for the rate of mycelial growth of this organism lies be­
tween 24-32°C. (24), hence the optima for wilting and I'ate of 
mycelial growth are quite close together. I'S/hile the optima 
for wilting and rate of mycelial growth of this organism are 
above 24°C., the optimum soil temperature for the expression 
of seedling rot, a different manifestation of attack by Fusar-
Pig. 2. Relation of soil temperature to seedling wilt 
Plat on left at 25-28°C., 84 per cent v/ilt. 
Flat on right at 16-18°C», six per cent wilt. 
Table 10, The relation of soil temperature to v/atermelon wilt, 
^oTI i J ^ 
;ure. De­
crees G, 
: Trial: 
: No, : 
: 
11: 
• 
13: 
• 
15*: 
• • 
17:18: 
• 
20*: 21*: 
• • 
22:24*: 
• 
26: 
• 
28: 
p 
• 
29: 
• 
31: 
• 
33; 37*: 
• 
40: 41; 
• 
44: 46 
16-18 1 0 0 0 0 6 8 25 44 48 81 85 
24-26 1 9 45 72 83 100 100 100 100 100 100 100 
16-19 2 0 0 0 0 0 0 20 50 
22-25 2 5 6 26 76 91 100 100 100 
16-18 3 0 0 0 0 0 6 10 30 42 52 58 74 
21-24 3 0 10 20 45 65 75 78 84 88 90 91 92 
25-28 3 4 18 36 74 78 84 88 94 94 96 98 100 
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lum nlveum» is below 18®C. It has been obser-ved tliat water­
melon seeds germinate slov/ly when planted in the field in cold 
soil. Seedling rot may be more important in the field than has 
hitherto been believed. 
The Relation of Age of Seedlings to 
the Rate of Wilting 
Field trials in 1927 seemed to indicate that plants of the 
variety Kleckley sweet wilted less rapidly when seedlings were 
transplanted from disease-free to infested soil in the field, 
than if seeds v/ere planted in naturally infested soil. Accord­
ingly, greenhouse trials were conducted to determine if trans­
planting seedlings from steamed to infested soil would change 
their reaction to v/ilt. The varieties Kleckley sweet and stock 
citron were used. Seed of these two varieties was surface dis­
infected and planted in plant cups containing steamed soil. 
When the plants were 12 days old, they were transplanted into 
natui'ally infested soil and placed in a greenhouse v;here the 
soil temperature ranged from 25-28®C., which v/as near the opti­
mum for mycelial growth in culture and near the optimum for wilt 
caused by Fusarium niveum. The results of this experiment appear 
In table 11, 
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Iteible 11. Effect of transplanting the varieties Stock 
citron and Kleckley sweet on their resistance 
to ivilt. 
Variety : Per cent vvilt - days after transplanting 
15 : 17 : 20 : 24 : 28 ; 31 ; 33 i 35 i 37 : 41 
Stock citron 0 0 0 0 6 8 25 36 44 48 
Kleckley sweet 9 45 72 83 100 
The data presented in table 11 indicate that the trans­
planting of either resistant or susceptible varieties has no 
apparent effect on their resistance because after 28 days 100 per 
cent of the plants of the var« Kleckley sv/eet had died» The 
I'esistant variety Stock citron remained immune for 24 days follow­
ing transplanting. The susceptible var. Kleckley sweet did not 
seem to be any more resistant when transplanted than when seeds 
were planted in infested soil. Likewise, it appears that the 
resistant variety Stock citron yma no more resistant when trans­
planted than when seeds were planted in infested soil. Hence, 
it appears that it is not necessary to produce seedlings of wilt 
resistant varieties of vmtemnelons in disease-free soil before 
transplanting into naturally infested soil. This is not in 
direct agreement to the practice v/hich must be followed with 
yellows resistant varieties of cabbage, as shov/n by Jones (8) 
and Stokdyk (36). 
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Relation of Soli Infestablon to y/atermelon Wilt 
It ia a well known fact that if watermelons are grown in 
the same field for several years in succession v/atermelon wilt 
gradually becomes more serious. Even though infested field 
soil is allowed to lay idle for sixteen years, observed effects 
on watermelon plants indicate that the organism may still be 
present and viable* 
In 1926, infested field soil was further infested artifi- , 
cially by the addition of a liberal application of mycelium and 
spores of Fusariura niveua produced on sterile oats. This inocu­
lum was placed in 115 hills with 109 hills left naturally in­
fested for a check* Hhe var. Eleckley avyeet was planted on May 
25. 
No '.vilfc symptoms appeared until after June 21» On June 22 
the air temperature suddenly rose and on June 24 the first wilted 
plants were found in hills which had been artificially infested. 
The air temperature remained near 30^0. for a period of tiiree 
weeks. On June 30, 48 per cent of the plants exposed to artifi­
cial infestation and only 23 per cent exposed to natural infec­
tion had v/ilted. On September 20, when the last readings were 
taken, it was found that 95 per cent of tlie plants exposed to 
artificial infestation and 79 per cent of those exposed to 
natural infestation had died. 
"SB" 
Tills experiment indicated either that (1) the quantity of 
inoculum in the natvirally infested soil was insufficient to cause 
96 per cent infection, or (2) the distribution of the inoculum 
was not uniform and gave rise to a series of soil dosage experi­
ments conducted later in the greenhouse. 
Three types of soil dosage experiments were conducted in 
the greenhouse. The first dosage experiments wer<3 conducted 
with steamed soil (three parts bench soil to one part sand) 
mixed in various proportions v/ith naturally infested field soil 
taken from an area In the field v/here plants had died daring 
the summer of 1925. Steamed soil—mixtures 1:1, 1:2, and 1:3, 
and naturally Infested soil were used. Each type of soil was 
placed in greenhouse flats, in duplicate, and alternate rows 
in each flat were planted with seads of the susceptible variety, 
Kleckley sv/eet, and the resistant variety. Stock citron. It was 
found that the rate of wilting v/as much more rapid in infested 
soil than in such soil mixed v;ith steamed soil. Accordingly, 
this experiment was repeated with the results which appear in 
table 12. 
The data in table 12 show that by mixing steamed soil with 
field soil infested with B'usarium niveum, the rate of wilting 
of susceptible and resistant varieties of watermelons may be 
decreased. These data do not show, however, v;hether this de­
crease in rate of r/ilting is due to decrease in quantity of 
1 
Tal3le 12. The relation of ttoe degree of soil infestation to wilt. 
Dosage 
* 
: Vari ety 
• 
* 
' Hrst trial • • second trial 
ys sPer 
: 26? 
cent 
S8: 
wilt after 
62: 34: 
- days 
: 4S 
:Per 
• • 
cent 
•gSTSIT 
v/ilt after -
pR • 0^ 7 •^ Q • • CtxJ « w 1 * £»«7 • 
da 
;S2T 
Steamed soil Kleckley sweet 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 
IT «t Stock citron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1:1 Kleckley sweet 2 10 16 20 26 52 2 2 2 2 2 12 26 34 44 
n Stock citron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1:2 Kleckley sv/eet 2 8 18 34 41 68 0 1 3 3 12 29 38 50 60 
H Stock citron 0 0 0 0 4 7 0 0 0 0 0 0 7 7 7 
1:3 Kleckley sweet 1 1 9 21 42 82 3 3 7 7 19 46 59 71 79 
n Stock citron 0 0 0 0 0 9 0 0 0 0 0 0 6 6 6 
Naturally Kleckley sweet 36 49 81 89 98 100 8 15 23 40 56 80 81 83 89 
infested 1! Stock citron 0 1 8 13 16 28 0 0 0 0 0 0 12 12 31 
I 
w 
CO 
t 
40 
actual infesting material, whetxier it is due to the fact that 
more plant food was available for the watermelon seedlings 
making them more vigorous and perhaps more resisl:ant, or 
v/hether it simply provided organic matter on v/hich the fungus 
grew instead of attacking the roots of the plants. 
In order to determine the reason for the decrease in the 
rate of wilting in the above experiments, two sets of-experi­
ments v\'ere outlined. In the first experiment, barnyard manure, 
was added to naturally infested soil in various proportions 
and seeds of Kleckley sweet and Stock citron planted. The 
addition of barnyard manure to naturally infested soil would 
not supply as much bulk as v/oald steamed soil, but would supply 
organic matter on which the fungus coiicl grow. Barnyard, manure 
v/as mixed with naturally infested, soil at the rate of 1:10 and 
1:20. Duplicate greenhouse flats were filled with these two 
mixtures. Two additional fiats were filled with naturally in­
fested soil to wliich no manure had been added and one flat was 
filled with steamed soil to serve as a control. Alternate rows 
v;ere planted -vvith seed of the varieties Kleckley sweet and Stock 
citron and the flats placed on a greenhouse bench where the air 
temperature was about 30^0• The results appear in table 13• 
Table 13. Tlie effect of barnyard manure applied to infested 
soil on tbe occurrence of watermelon wilt. 
Amount: » • 
of ; Variety t Per cent wilt - days 
manure: ; 16: 19; 21; 22: 24: ^6: 23 ; 30 
None »= 
steamed Kleckley s^veet 0 0 0 0 0 G 0 0 
soil 
n Stock citron 0 0 0 0 0 0 0 0 
None - Kleckley sweet 3 18 39 57 58 76 86, • 93 
infested 
soil 
ti Stock citron 0 0 0 0 0 16 25 32 
1:20 Kleckley sweet 10 41 78 82 89 91 94 98 
ti Stock citron 0 3 9 28 31 54 56 59 
1:10 Kleckley sweet 9 35 59 68 81 91 96 98 
Stock citron 0 0 0 0 0 21 21 36 
The data in table 13 indicate tlmt by the addition of 
barnyard manure to naturally infested soil, the rate of v;ilt-
ing both of susceptible and resistant varieties v/as markedly 
increased. The experiment from v/hich the data in table 13 
were derived was repeated tv/ice v/ith similar results, indicat­
ing that Pusarium niveum was more active when the naturally in­
fested soil contained an excess of organic matter, 'Ihe presence 
of the barnyard manure apparently enabled the organism to grow 
and produce spores more rapidly than when the manure was absent. 
These trials were not entirely satisfactory, however, for in 
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one case the var. stock citron was over 50 per cent suscep­
tible# Tills variety is about 90 per cent v;llt resistant under 
field conditions. -Hierefore, the conditions of these experi­
ments were apparently favorable for infection. 
Experiments were next conducted to determine the relation 
of the degree of soil infestation to the rate of vvilting when 
seedlings grown in steamed soil were transplanted to infested 
soil. Seed of the var, Tom Watson was surfiace disinfected and 
planted in steamed soil in plant cups placed in greenhouse 
flats. Bie flats ^ yere then placed at soil teu^jeratures of 
25-280G. uiatil the seedlings had produced four leaves. They 
were tlien transplanted into greenhouse flats coxitainlng (1) 
steamed soil* (2) naturally infested soil, and (3) a mixture 
composed of equal parts of steamed and infested. soil, 'Hie 
plants were placed at a soil temperature of- 22-25®C. and the 
rate of wilting recorded daily. Results appear in table 14, 
Table 14, Effect of the degree of soil infestation on the 
rate of wilting, using seedlings transplanted from 
steiimed soil* 
:After:After;After;After:After:After:After: After 
Infestation: 11 : 13 : 15 : 18 ! 21 : 22 : 26 ; 29 
: days :days relays : days: days; days: days: days 
Katui-ally in­
fested soil 5 6 26 76 91 100 100 100 
1:1 mixture 
of steamed and 
naturally in­
fested soil 0 1 14 59 84 96 98 100 
Kon-steamed 
soil 0 0 0 0 0 0 0 0 
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A series of experiments v/as next conducted to determine the 
effect of the amount of inoculum on the rate of wilting when a 
pure culture of Fusarixim niveum was added to steamed soil. In 
this procedure, the possibility of interference t>y other organ­
isms was eliminated. Soil was artificially infested as follows; 
equal parts of greenhouse bench soil and sand were mixed to­
gether and steamed at 28 pounds pressure for three hours on 
three successive days. Tliis soil was placed in four'inch pots 
and infested by adding different amounts of an air: dry culture 
rlum niveum which had grown for eleven months on sterile, 
moist oats. The dosages were as follows: 1:700, 3:700, 5:700, 
10:700, and 15:700. 
Seed of the variety Kleckley sweet was surface disinfected 
and planted at the rate of 25 seeds per pot. Triplicate series 
were employed. The control consisted of steam sterilized soil. 
Ih-e results appear in table 15. 
Table 15. Relation of the degree of artificial soil infesta­
tion to watermelon seedling wilt. 
I per cent wilt at certain numbers of 
uosage m • davn aftciv ttrnnnnlflntino-
: n . IK 17 r 1ft • OQ . PA P7 . pn 
1:700 6 16 28 44 63 75 89 92 
3:700 7 59 80 87 97 97 97 100 
5:700 30 80 97 99 100 
10:700 18 76 89 89 97 99 100 
15:700 23 90 100 
Control 0 0 0 0 0 0 0 0 
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The data in table 15 shov/ that rapid wilting occurred in 
soil v/hich contained a dosage of 5, 10, or 15 grams of inoculum 
to 700 grams of steamed sterilized soil. Much less i^pid wilt­
ing occurred at the dosage of 1:700« Apparently the 5:700 
dosage was almost as effective as the 15:700. 
The data in table 15 further indicated that the quantity 
and not the distribution of the inoculum v/as' primarily con­
cerned in the rate of v/ilting* Since a dosage of 5:700 appeared 
to be as effective as 15:700, a second experiment was conducted • 
in which the dosage v;as as follows: 1:1400, 1:700, 2:700, and 
5:700. The results appear in table 15. 
Table 16. Relation of the degree of soil infestation to 
watermelon seedling v;ilt. 
Dosage : 
Per cent wilt at certain number 
of days after transplanting 
14 : 15 : 18 : 25 
1:1400 4 8 21 50 
1:700 8 22 51 85 
2:700 16 33 64 83 
5:700 51 59 81 100 
Control 0 0 0 0 
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Hie data in table 16 compare favorably \vith those in table 
15» A third trial of the same type was conducted using dosages 
of 1:1400, 1:700, 2:700, and 3:700. In addition to the var, 
Kleckley sweet, it was decided to include the var. Stock citron. 
Data derived from this trial appear in table 17» 
Table 17# Relation of the degree of soil infestation to water­
melon seedling wilt» 
Per cent wilt at certain number 
Dosage : Variety 
* 
: of days after transplanting 
: 17 : 18 : 21 : 24 : 26 : 28 : SO 
1:1400 Kleckley sweet 0 0 4 4 4 8 12 
tt Stock citron 0 0 0 0 0 0 0 
1:700 Kleckley sweet 0 6 6 16 16 22 38 
a Stock citron 0 0 0 0 0 0 0 
25 700 Kleckley sweet 20 25 40 40 50 50 75 
tt Stock citron 0 0 0 0 5 5 5 
3:700 Kleckley sweet 29 33 37 46 54 66 84 
Stock citron 0 0 0 0 6 8 11 
Control Kleckley sweet 0 0 0 0 0 0 0 tt Stock citron 0 0 0 0 0 0 0 
The data in table 17 show that the 2:700 dosage was much 
more effective than a dosage of 1:700 and almost as effective 
as a dosage of 3:700. The dosage of 1:1400 was not sufficiently 
heavy to cause appreciable v/ilting after 30 days. The dosage 
of 3:700 caused the organism to be slightly more pathogenic to 
the var. Stock citron than occurs in the field but the 2:700 
dosage appeared to accurately measure tlie resistance of th.is 
variety, when compared to its resistance under field conditions. 
Prom these dosage experiments, it v;as determined that in 
order to measure the relative resistance of ;^^atemelon varieties 
and hybrids in the seedling stage, the most accurate method ms 
to use a mixture of inocultira and steamed soil in a ratio of 
2:700, growing the seedlings in four-inch pots. As v/ill be 
shovm later, this method proved to be accurate in measuring 
the resistance of seedlings of strains of commercial varieties 
selected for their wilt resistance under field conditions. By 
means of this method, it is possible to save much time, labor, 
field space, and expense by indexing various strains for wilt 
resistance in the seedling stage. 
In addition, these dosage experiments indicated that the 
quantity of inoculum in the soil and not particularly its even 
distribution determined whether or not a high mortality re-
j^ulted. These dosage experiments support field observations 
which indicate that when watermelons are grown for several 
successive years in a given field the disease gradually becomes 
more serious. Taubenhaus (38), Orton (19), and the vrriter (24) 
have observed the above phenomenon in the field. 
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Relative Efficlenoy of Dust Bningicldes In the 
Control of Seedling Rot and Seedling Wilt 
Soon after these investigations were begun in 1926, diffi­
culty was experienced in the greenhouse in securing satisfactory 
stands of susceptible varieties in heavily infested soil. It 
was found that seedling rot caused necrosis of the hypocotyl 
and radicle before emergence of the cotyledons. Experiments 
were undertaken, therefore, to determine if seedling rot could 
be prevented by seed disinfection. 
Accordingly, seed of the variety Kleckley sweet v;as disin­
fected v/ith Bayer Lisist, Merko, and Semesan Jr. budidisinfected 
seed v/as planted in a mixture of equal parts of steamed and 
naturally infested soil in greenhouse flats and placed at a soil 
temperature of 16-19®C. Record was made of the rate of emer­
gence and of the rate of v;ilting with the results v/hich appear 
in table 18. 
The data in table 18 indicate that seedling emergence was 
increased by seed disinfection and t-hat plants produced from 
disinfected seed wilted slightly less rapidly than plants pro­
duced from untreated seed. 
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Table 18. Relative efficiency of three dust fungicides in 
the control of seedling rot and seedling wilt, 
: I : Per cent of plants wilting 
;No. of :Per cent : at certain number of days 
Disinfectant;seeds ;emergence; after planting 
tplanted; (final) ;12;1^;19;20;21;22; 29; 50; 53 
Check 150 79 5 30 74 78 84 93 97 99 100 
Bayer Inzst 150 88 0 19 69 72 77 86 88 93 99 
Merko 16G 67 0 6 39 57 62 72 79 87 95 
Semesan Jr. 150 90 0 18 77 91 93 96 97 99 100 
The second trial v/as conducted with soil similar to that 
used in the first but consisted of a mixture of two parts of 
steamed and one of naturally infested field soil. Untreated 
seeds and seeds disinfected v/ith Bayer Dust, Mei'ko, and Semesan 
Jr. were planted. Emergence figures from treated and untreated 
seeds were respectively, 86 per cent and 72 per cent* Again, 
seed disinfection tended to reduce seedling rot# 
Having determined that seedling rot could be reduced by 
seed disinfection, experiments were undertaken to determine if 
such v;oald hold true in more heavily infested soil. Infested 
soil was available in which it was found that emergence from 
untreated seeds was only about 10 per cent. This soil was used 
for the next trial. Bayer Dust, Merko, and Semesan Jr. were 
used. Using these three dusts, seed was planted in greenhouse 
flats containing heavily infested soil and placed at a soil 
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temperature of 16-19°C. Readings on emergence were taken 
daily from six to eighteen days after planting, and readings 
on the rate of wilting were taken daily from 12 to 18 days after 
planting with the results which appear in table 19» 
Table 19. Effect of dust fungicides on the development of 
seedling rot and seedling wilt. 
:lijo. of :Per cent emergence;Per cent plants wilting 
Disini'ectant:seeds :daysafter planting:Daya after planting 
;planted;-6; 7; b: 9;10:iB^;-l2:14; IS: 16; 17; 18 
None - cheek 200 1 1 3 3 3 7 14 29 57 89 96 100 
Bayer Dust 100 10 32 57 71 73 81 6 18 63 88 92 95 
Herko 100 3 7 14 21 21 22 0 27 41 63 91 95 
Semesan Jr. 100 9 28 76 88 94 99 13 30 56 85 98 99 
y/ith soil more heavily infested than any used previously, 
the data in tahle 19 show that certain seed disinfectants al­
most completely controlled seedling rot. Under the same condi­
tions, only seven per cent of the possible plants emerged from 
the untreated seed in 18 days* These results are especially 
significant because the conditions of the experiment closely 
approximate the conditions to be expected in the field. 
Ei^shteen days after planting, the untreated seeds were re­
moved from the soil and examined for evidence of' seedling rot. 
It v/as found that in 95 per cent of the seeds germination had 
occurred, but before the cotyledons co*. Id emerge from the soil 
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the liypocotyl, the roots, or both, had been destroyed by 
Fusarltim nlveum. In some cases, the cotyledons reached the 
surface of the soil and began to break the soil crust but the 
seedlings were destroyed before ecieri^ence v/as complete. Iso­
lations and reinoculations vjere made with cultures recovered 
from such seedlings and Fusartum niveum was found in about 60 
per cent of the i^ifected seedlings. 
The purpose of this experiment v/as to determine Whether or 
not seed disinfection would control seedling rot and the data 
in table 19 show results decidedly in favor of seed disinfec­
tion. It is also evident that seed disinfection tended to pre­
vent seedling v;ilt. 
Attention was then ciirected to comparative tests of the 
relative value of dust fungicides-s- in the control of these 
seedling diseases. It also seemed advisable to determine the 
effect of these fungicides on seeds planted in steamed soil. 
Seed of the var. Kleckley sweet was disinfected with 
several commercial and experimental oust fungicides and planted 
in soil of different degrees of infestation. Record was made 
of the rate .of emergence and of the rate of wilting. It is 
considered both inadvisable and unnecessary to present the 
results secured in tabular form, due to the large amount of 
->Drs. W.P, Raleigh and C.S, Reddy of this station kindly fur-
nished 31 dust fungicides which they were using in their experi­
ments v/ith seed disinfection of various cereals. Their coopera­
tion is hereby acknowledgedv/ith thanks. 
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data secured. These trials may be suiumarlzed, nowever, as 
follows: Seven experimental dust fungicides were found v/hich 
proved to be more ejffective in the prevention of seedling rot 
and wilt than the other 24 experimental dusts or than four 
cofn-nercial dust fungicides. They were designated as 9a, 9b, 
. 
141), 15Ca, H38 and The relation of seed disinfection to 
2 
seedling rot is siiown In Pigs, 3, 4, and 5, 
The Relation of Air Temperature to Watermelon 
Wilt in Two Infested ilelda in 1927 and 1928 
The relation of air temperature to the rate of wilting 
v.'as studied in two infested fields at Conesville in 1927 and 
1928. The soil in Field No. 1 was known to be more heavily 
infested than in Field Ko, 2. Vvith the exception of Field Mo. 
2 in 1928, the varieties Kleclcley sweet and Tom Watson v?ere 
used. 
Stand counts were made at intervals of five to ten days 
from the date of emergence to the end of the grooving season. 
The difference in the stand at the time of successive counts 
was assumed to be due to wilt. The percentage of wilt at the 
time of each stand count was determined by dividing the differ­
ence in stand between two successive counts by the stand at the 
time of the count irranediately preceding. The percentage of 
wilt was then divided by the number of days which had elapsed 
since the last reading, giving the "average per cent daily wilt 
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Pig4 3» Seedling rot control "by seed disinfection. 
Middle row and outside rows planted with non-
disinfected seed. Remaining five rov/s planted 
with disinfected seed. 
Variety Kleckley sweet. 
53' 
Pig. 4 Seedling rot control by seed disinfection 
Seeds on the left treated, those on the 
right not treated. 
Variety Stock citron. 
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COeG''^-
• A 
Flg» 5. seedling rot control by seed disinfection, 
Upper group of seeds not treated, lower 
group treated. 
Variety Kleckley sv/eet. 
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slnce last reading." 
The air temperature was recorded automatically by a Priez 
soil and air thermograph. The total number of hours that the 
air temperature was above a certain point was determined for 
the interval between the dates of successive stand counts. 
This number was divided by the number of diiys which had elapsed 
since the previous reading, giving the "average number of hours 
per day that the air temperature was above 24^, 27^0,, etc." 
The results of attempts to correlate the rate of wilting 
with air temperature appear in tables 20, 21, 22, 23, and 24, 
and indicate that most rapid v^ilting occurred over periods 
during which the air temperature v/as approximately 26®C. The 
data in tables 20, 21, 22, 23, and 24 are presented graphically 
in Pigs. 6, 7, 3, 9, and 10. 
Vihile the graphs in Pigs. 6 to 10 inclusive are slightly 
irrej_;ular, yet there is a constant tendency tov;ard positive 
correlation of the air temperature and the rate of wilting. 
This tendency is presented as evidence of the existence of 
positive correlation of the rate of wilting and the air tempera­
ture . 
Table 20, Relation of air temperature to the rate of wilting in 1927. 
Field No, 1. Planted May 88. Initial stand 1455 plants. 
Dates of 
:Average per 
tcent daily 
• 
• 
• Average day hours since last reading 
readings :\vilt since 
:last reading 
rA'bove 
:320c. 
:Above 
;290C, 
IAbove 
s 27^0. 
lAbove 
:240C. 
iBelow s 
:180G. : 
Beiow ; 
I50G. : 
Below 
13^0 . 
July 1 1.9 0.9 1.6 3.5 4.8 2.1 1,1 0.6 
July 7 4.8 1.2 2*1 5.5 7.6 3.1 1.2 0.2 
July 12 5,6 0.6 2.7 4,2 5.7 2.1 0.2 0.1 
July 19 1.9 1.0 1.8 4.3 5.0 0.9 0.4 0.1 
July 29 1.0 1.8 4.7 5.2 2,2 0.7 0.2 
Aug. 6 1.5 0,2 0.7 2.5 4.1 6.4 2.5 1.2 
Aug. 12 1,8 0,3 0.9 2.5 4.3 4.8 3.1 2.1 
Aug, 20 2.4 1.1 1.8 2.9 4.8 3.3 2.6 1.8 
Pig, 6. Graphic representation of the relation 
of air temperature to vvilt under field 
conditions. Data from table 20. 
Table 21. Relation of air temperature to the rate of wilting. 1927, 
Field Ho» 1, planted July 7. Initial stand 1317 plants. 
;Average per : 
Date of :cent daily ; Average day hours since last reading 
readings :wilting since;Above ;Above ;At)ove xAbove :Auove;'BelowjBelov/:Below 
rlast reading :35^C, :52°C« :29°G, ;270c« ;240G. tiaop^ tl5°C. :15"°C« 
July 20 2.0 0 0 0 0,5 1.0 3.0 0 0 11 21 1.1 0 0 0 0 0.5 0 0 0 (t 22 1.0 0 0 0 0 0 4.0 0 0 tt 25 14,8 0 0 0 3.5 5.0 5.5 4.0 1.0 
n 24 2,1 0 0 0 2,0 3.0 5.0 4.5 0 
It 25 10.3 0 0 0 5.0 5.0 2,0 0 0 
« 28 24.7 1.0 8.0 12.0 18.0 22.0 3.5 0 0 
tt 29 8.2 0 1.0 2,0 4,0 5.0 0 0 0 
It 30 11.7 0 0 0 5,0 7.0 5,0 0 0 
Aug, 1 13,7 0 0 3,0 4,5 9,5 2.0 0 0 
tt 2 19.6 0.7 1.5 6.0 7,5 11.5 0 0 0 
It 3 7.7 0 0 0 1.0 4.0 8.0 5.0 4.0 
n 4 10.7 0 0 0 2,5 3.5 5.0 4.0 3.0 
M 6 17.9 0 2,0 4.0 7.0 9.0 5,0 1.0 0 11 8 18.6 0.5 5.0 8.0 11.0 16.0 3.0 1.0 0 
Pig. 7. Graphic representation of the relation 
of nir temporatur© to wilt xmder field 
conditions. Data from table SI, 
Table 22. Relation of air temperature to the rate of v/ilting. 1927. 
Field Mo» 1. Planted May 26. Initial stand 2328 plants. 
:Average per : 
r;at® of :cexit daily : Average day hours since last reading 
readings:wilting since:Above:Aoove :Above :Above : Below: Beloiv: Below 
I last reading ;52°C.;29PC. t27°C. ;24°G. t ISOq.: ISOQ.; 15°C. 
July 1 2.7 1.1 1.3 3.6 4.8 1.4 1.0 0.8 
" 8 3.5 1.6 2.4 5.2 7.0 2.7 1.0 0.1 
" 13 i!> • 2 0u5 2.7 4.2 5.7 2.1 0,5 0.1 
" 19 2.6 1.1 2,7 4.3 5.6 1.5 0.4 0.1 
" 29 3.2 1.0 1,0 4.7 5.2 2.2 0,7 0.2 
Aug. 6 2.6 i 0.2 0.7 2.5 4,1 6.4 2.5 1.0 
" 14 2.1 0.4 o
 
« to
 
3.3 3.9 6.1 2.9 1.8 
rtir jJ-ii,; '.lilt 
•m-r  A PY^iniiic representat ion of* "the relation 
Pig. 8. G^-g^%^^3rature to wilt under f ield 
condit ions. Pata from taole 22. 
Table 23• Relation of air temperature to v/ateraielon wilt. Field Ho, 1. 
Planted May 23, 1928. Initial otand 1836 plants. 
tAverage per ; 
Bates of: cent- daily t Average day laours since last reading 
readings:wilting since:Above:Al)o've:Above:Above;Above:Above; Below: Below; Below 
tlaat reading ;550C.:520C.t290C,:27Q0.:240c.i2loc,: 180C.; 15°C.; 
June 18 3.1 0 0.2 2,8 4,4 7,8 11.6 4.6 3,8 0,1 
June 25 2.2 0 0,3 1.4 4,5 8.5 12.4 3,8 0,6 0 
June 29 1.8 0 0 0 1.0 4,0 5,6 6.5 5,3 2,0 
July 5 4.2 0,2 2.6 4,7 8,3 13,3 17.3 4,8 1.2 0 
July 10 5,8 1.4 3.4 8.2 11.0 14,5 18,0 1,2 0 0 
July 16 2.6 0 1.1 3,6 6,5 9,8 14,8 4,0 1.5 0 
Aug. 7 2,8 0 1,7 4.1 8,1 11.4 16,4 1,8 1.1 0.5 
Aug, 14 3.4 1.4 3.0 6,7 9,8 12,4 16.3 3,0 2,0 0,7 
Aug, 30 2.4 0.4 2.0 3.2 6.0 9.8 14.6- 4,6 2,9 0.9 
•5 
15 
V 10 
O- j . - l  J . - i x j  . 1 -
Pis. 9. Graphic representation of the relation 
or air temperature to v/ilt under field 
conditions. Data from table 23,-
Table 24, Relation of air temperature to watermelon wilt, Flelcl No, 2, 
Planted 24, 1928. Initial stand 3158 plants. 
:Average per : 
pates of:cent daily t Average day hours since last reading 
readings:wilting since:Above:Above:Above:AbovesAbovetAbove: Below: Below: Below 
;last reading ;55°C»t520c.:290C.:27QC.;g40c,:21°C,; ISOC,: 15°G,: ISOp, 
June 18 1,8 0 0,2 2.8 4,4 7,8 11,6 4,6 3,8 0,1 
June 25 1.6 0 0,3 1,4 4.S S,5 12,4 3,8 0,6 0 
June 29 0.9 0 0 0 1,0 4.0 5.6 6,5 5.3 2,0 
July 5 2.2 0,2 2,6 4,7 8,3 13,3 17,3 4,8 1,2 0 
July 10 3,4 1.4 3,4 8,2 11,0 14,5 18,0 0,2 0 0 
July 16 1,8 0 1,1 3,6 o,5 9,8 14.8 4,0 1,5 0 
Aug, 7 1,3 0 1.7 4,1 8,1 11,4 16,4 1,8 1.1 0,5 
4Ug. 14 2,1 1.4 3,0 6,7 9,8 12,4 16,3 3,0 2,0 0,7 
Aug. 30 1,3 0,4 2.0 3.2 6 ,0 9.8 14,6 4,6 2,9 0,9 
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il» c 
10 
0 
I .  . J 
pig, 10, Graphic representation of the relation 
of air temperature to wilt under field 
coriditions. Data from table 24. 
STUDIES Oli --mB CONTROL OP ?aTEIiJllSLON WILT 
In attempting to develop control measures for Ymtermelon 
wilt, investigation has been made of: (1) the value of treat­
ing infested soil v/ith lime, commercial fertiliaers, and barn­
yard manure; (2) the Influence of starting plants in disease-
free soil and transplanting to infested soil; (5) the extent 
of varietal resistance within Gitrullus vulgaris^ and (4) the 
development of wilt resistant strains by selection and hybrid­
ization. 
Soil Treatment Trials 
Having found (24) that Pusarium niveuia grew more slowly 
on artificial culture media at a pH of 8»4 than at 5»8, it 
seemed desirable to determine the influence that the applica­
tion of lime to infested field soil would have on the rate of 
wilting. 
Accordingly, in 1927, field trials were conducted on in­
fested soil to determine the effect of lime, commercial fer­
tilizer (2-8-5)-:^ and barnyard manure on watermelon wilt, when 
these chemicals v/ere applied to the soil before planting the 
seed. Although slight differences in the rate of v/ilting in 
the various plots were apparent during the grov/ing season, yet, 
on September 16, no measurable differences could be noted, 
•» 'Two per cent H, ei^t per cent P2O5, and '^ive per cent KgO, 
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Relation of Transplanting to Wilt 
In connection with investigations of seedling rot, it v/as 
found that infection might take place very soon follovving seed 
germination and prevent emergence. It seemed advisable, there­
fore, to investigate the possibility of control by growing 
seedlings in disease-free soil and then transplanting them to 
infested field soil. As preliminary trials in 1926 seemed to 
indicate that this practice was worthy of further trial, in 
1927 disinfected seed of the var. Kleckley sweet was planted 
in wilt free soil in plant cups and the seedlings were trans­
planted into infested soil in the field* Counts of wilted 
plants on June 27 showed that the transplants were wilting less 
rapidly; on July 29 there v/as little difference and September 
9 the per cent of vfilted plants v/as the same. Similar trials 
conducted in 1928 again indicated that this practice liad no 
effect on the infection of the variety Kleckley sweet. 
Relative Wilt Resistance of Varieties of 
Gitrullus vulgaris 
On the basis of edibility of their flesh, the varieties 
Gitrullus vulgaris may be divided arbitrarily into two 
groups: (1) the citron group and (2) the watermelon group, The 
flesh of the varieties of the citron group is relatively in­
edible j usually sour or bitter; white, yellow, or salmon tinted 
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and often hard or coarae. IJhe flesh of the varieties of the 
watermelon group is relatively edible; sweetj white, yellow, 
pink, or red; and soft. 
Edible American varietlea. 
Orton (17) tested the relative wilt resistance of approxi­
mately 100 edible American and Russian varieties and stated 
that all of them v/ere highly susceptible. He also tested the 
var. stock citron and a citron variety of South African origin 
and found both of them to be relatively resistant, Taubenhaus 
(38) used fewer edible varieties than Orton and found all of 
them to be over 80 per cent susceptible. The v/riter (25) 
tested 52 edible varieties in 1926 and, while all of them were 
susceptible, yet there seemed to be a difference in the rate 
of wilting at different times during the growing season, depend­
ing upon the variety. All varieties were not completely sus­
ceptible, but there v/as at least 96 per cent wilt in all of 
them at the end of the growing season. The fact that a few 
plants of certain varieties such as Kleckley sweet. Excel, and 
Long li^t icing did not wilt indicated that there was a sli^t 
difference in the relative wilt resistance of edible American 
varieties, since the majority of the varieties tested v;ere 100 
per cent susceptible. 
In order to test further the relative wilt resistance of 
edible i^ merican varieties, seeds of the follov/ing named water­
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melon varieties were planted in infested field soil at Cones-
vllle and Fmiitland, Iowa, in 1927 and 1928: /jlabaina sweet, 
AUiiUsta rattlesnake. Black seeded angelino. Black seeded 
Chilean, Carolina bradford. Cold mountain. Cole's early. Con­
queror, Dixie "belle, jExcel, Pordhook early, Florabama, Florida 
favorite. General Pershing, Georgia rattlesnake. Golden honey, 
Halbert honey. Ice cream, Indian chief, Irish gray. King and 
queen, Kleckley sweet, Klondike, Kolb's geia. Long li^t icing. 
New perfection, Oquawka, Oregon, Peerless, Schochler, Stone 
mountain. Success, Sun moon and stars. Sweetheart, Sweet Siber­
ian, Thurmond gray, Tom Y.'ataon, V^/liite seeded angelino, Wliite 
seeded Chilean,. Winter queen, Wonderfnelon, Yellow fleshed Ic© 
cream, Cuban queen, White Watson, Renter's rattlesnake. Radio 
and Winter, Under the conditions of these e:iq)eriments, there 
was little difference in the susceptibility of these varieties 
to wilt at the end of the growing seasons. As in 1926, however, 
certain varieties v/ilted less rapidly than others during June 
and July, but by September 1, 98 per cent of the plants of the 
varieties tested "nad died» Based on relative susceptibility 
on August 1, the above varieties \7ere not equally susceptible, 
v/hile on September 1, differences in relative susceptibility 
were largely obscured, although slightly evident. 
In addition to the above field trials just described, ex­
tensive trials were conducted in the field v/ith seedlings dur­
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ing July and August, 1927, to determine their relative varietal 
resistance. Planting v/as purposely delayed until July so that 
bhe soil temperature y/ould he nearer the optiTnum for the rate 
of grov/th of the organism. Environmenfcal conditions were made 
more favorable for infection by artificially infesting the 
soil i,7ith a pure culture of f'YisariuGi niveum which had grov/n for 
three months on sterilized oats, A mixture of equal parts of 
culture and sand was placed in the bottom of a shallow furrow, 
covered with soil and seeds were planted about two inches above 
the inoculum. The varieties used v/ere: Alabama sweet. Conqueror, 
Excel, Plor-ida favorite, Georgia rattlesnake. Preserving citron, 
Halbert honey, Kleckley sY/eet, Radio, Stock citron. Sun moon and 
stars. Sweetheart, Thurmond gray, Tom Watson, and Wondemielon. 
Three replications of each v/ere planted on July 7 at which time 
the soil temperature v/as 2B°C> or near the optiraum for growth 
of and Infection by the organism. Emergence and rate of v/ilt-
ing counts were made daily until August 13, Inclusive. "The 
caily \vilting counts seemed to indicate little difference in 
the relative resistance of these varieties. Hov/ever, the var­
iety Stock citron was 96.5 per cent resistant on July 25 and 
was 49 per cent resistant on August 8. ihe variety Sweetheart 
succumbed somewhat slowly, showing some resistance on July 22, 
but by August 8 as many had died as in the other commercial 
varieties. The results of this trial appear in table 25 and 
Table 25. Relative susceptibility of some varieties of Citrullus vulgaria to 
Pusarium niveura in artificially infested field soil at Conesville, 
Ib'wa, 'July ana August 1927. 
Variety 
ter cent plants wilting 
15 •: 13 : 14 : 15 ; 16 ; 17 ; 18 J •21 ! 2S-; 23 ' : ' '25 "j -26 
/"i-labaiaa sweet 2.4 3.6 4.8 7.2 15.7 20.5 24.1 51.8 57.8 61.4 67.4 73.5 96 
Conqueror 4.7 9.1 10.8 10.8 29.1 38.8 42.9 56.1 58.8 64.1 74.4 76.8 98 
Excel 14.9 19.4 22.7 22.7 31.4 38.8 64.1 64,1 68.7 70.1 83.4 80.6 91 
Florida favorite 10.2 14.2 16.4 16.4 28.3 31.5 38.6 51.9 63.9 70.0 73.2 78.7 96 
Georgia rattlesnake 8.0 10.2 13.7 17.0 43.2 43.2 60.2 72.7 78.4 84.1 84.2 86.3 93 
Halbert honey 7.5 8.4 11.2 12.1 21.5 24.3 27.1 35.5 35.5 43.0 59.8 60.7 99 
Kleckley sv/eet 6.6 6.6 6.6 17.7 17.7 22.2 42.2 43.3 46.6 55.6 63.3 66.8 99 
Stock citron 1.7 1.7 1.7 1.7 1.7 1.7 3.5 19.3 24.6 29.8 o5 .1 49.5 61 
Preserving citron 0 3.6 3.8 3.8 28.6 32.1 35.7 75.0 82.1 85.7 85.7 85.7 86 
Radio 5.5 3.5 3.5 6.8 38.0 38.0 51.7 82.8 82.8 93.1 93.1 93.1 96 
Sun moon and stars 2.3 6.1 6.1 6.1 16.1 19.8 21.4 35.6 35.9 42.7 58.0 61.9 98 
Sweetheart 0 0 0 1.7 12.8 19.1 34,0 48v0 51.1 51.1 63.8 65.8 99 
Thurmond gray 1.5 3.7 6.1 6.1 19.8 20.3 25.0 40.1 4«!>. 9 45.4 55.3 59.8 100 
Tom watson 2.2 5.7 8.6 9.4 17.2 20.1 23.7 46.9 43.9 56.1 65.5 71.8 100 
V/ondermelon 1.5 3.0 4.8 6.0 16.6 19.7 33.3 36.3 62.1 66.6 72.7 72.7 100 
I 
I 
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Indicat© that the relative v;ilt resistance of the varieties 
tested varies, but that such variation is more evident during 
the growing period than at the end of the season# It appears 
that susceptroility is determined by; (1) the degree of soil 
infestation and (2) the length of time that plants are exposed 
to infection. Earlier greenhouse trials, previously described, 
bear out this conclusion. 
Relative wilt resistance of edible foreign varietiesii 
In addition to the trials vrith American edible varieties, 
many edible varleties-s- of foreign origin have been tested for 
wilt resistance. Forty-two edible foreign varieties have been 
grown during the pa^three years (1926-1928) on infested soil 
at Conesville and Pruitland, Iowa, and of this number only one 
was found to be relatively v/ilt resistant. Seed of this var­
iety was received from Dr. Takewo Henuni of Japan and its history 
is unknown to the v/riter. The melon (Japan Ho. 7) is small, 
oval, early maturing, very prolific, and has yellow skin and 
white flesh. It is not particularly palatable and is considered 
valueless except for hybridizing ?/ith desirable commercial 
varieties,. 
-s- The edible foreign varieties tested were supplied by the 
following, to whom I am deeply indebted: I>r» E.Va. Lindstrom 
from Prance; Prof. I'akewo Hemmi from Japan; Dr. B.N. Uppal from 
India; Dr. E.V. Abbott from Peru; Dr. P.H. Rolfs from Brazil; 
Dean C.P, Curtlss from Czechoslovakia, and prof. R.H. Porter 
from China, 
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Relatlve v/ilt resistance of inedible varieties of Cltrullus 
vulgaris* 
In addition to edible varieties, many inedible varieties 
of Citrulltis vulgaris were tested for resistance to v/ilt during 
1926-1927 and 1928, Of these varieties. Preserving citron and 
Stock citron v/ere secured from local seedsmen; two varieties, 
/.•hich had been sent to Dr. W.A. Ortori from Africa, and had been 
reported resistant in his trials^, wore secured from .the Office 
of Vegetable and Forage Diseases, United States Department of 
AgricultureJ and the remainder were secured from various seeds­
men, scientists and agricultural explorers in foreign countries*. 
•Ehe relative wilt resistance of nine inedible varieties of 
Cltrullus vulgaris (citron group) is shown in table 26, and the 
data indicate that the varieties of the citron group are quite 
resistant. As the data indicate, resistance again seems to be 
relative. Ihe comparative resistance of the varieties ?fliite 
seeded and Kleckley s?.'eet to seedling v/ilt is shown in Fig. 11. 
s-According to correspondence with W.W. Gilbert of the office 
of Vegetiable and Forage Diseases, United States Department of 
Agricultur^, 
i i 
The namj3; and source of the inedible varieties tested follow: 
Tsama, Kafir, White seeded. Mammoth v^hite, and Majorta from 
Africa; Nojsi. 30839 and 30739 from France; Stock citron from 
Burrell Sesed Company of Rocky Ford, Colorado, and Preserving 
citron frofca Vaughan Seed Company, Chicago, Illinois. Grateful 
acknowled^^nt is made to Dr. E.W. Llndstrom and W.W. Gilbert 
for seeds'Secured in Prance and Africa, respectively. 
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11. Appearance in infested soil of (1) tiie 
variety V/hite seeded, left, and (2) the 
variety Kleckley sweet, ri^t. 
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Table 26* Relative resistance of Inedible varieties 
of Citmllus vulgaris to wilt. 
- ; Per cent resistance in 
Variety ; Source ; 19^6 ; 192 V : 1928 
No. 30339 Prance 63 
No. 30739 !J 59 
Preserving citron United States 66 71 58 
Stock citron (! 91 
Kafir Africa 98 96 99 
JSfia^orta , 100 
White seeded II 98 99 97 
Tsama n 96 
Kammoth white It 100 
Kleckley sweet 
(check) United States tr. tr. tr 
Isolation of Wilt Resistant Strains of Watermelons 
by Selection within Commercial Varietiea 
Many varieties of plants resistant to Fusarial v/ilt 
diseases have been isolated by selection of resistant geno­
types from susceptible varieties. The success of Jones (8) 
(9) (10), Walker (39) (40), and Melhus (12) with cabbage; 
Pritchard (29), Elliott (4), ¥i?hite (41), and Edgerton (2) (3) 
with tomafcoes, and of Orton (13) (20) with cotton has demon­
strated the practicability of selection for Pusarial wilt 
resistance. 
Trials with the var. Kleckley sweet. 
In 1927, seed of the var. Kleckley siveet v;as planted on 
three acres of infested soil at Conesvllle, the initial stand 
being 11,260 plants. Wilt infection was evident on June 2, 
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and inl'ection rapidly increased during the growing season. By 
July 15 and September 20, respectively, 85 and 98 per cent of 
the plants iiad v/ilted* Starting on July 21, I'lowers vvere self-
pollinated and by September 20 eleven melons had been secured 
from resistant plants, one of -which was the result of self-
pollination. This self-pollinated selection was designated 
as K-S4 and the open pollinated selections as K-2, K-4, K-10, 
K-11, K-15, K-16, K-17, K-18, K-19, and K-20, 
Seed of the selection K-S4 and of the selections desig­
nated as K-2, K-4, K-10, K-11, K-15, K-16, K-17, K-18, K-19, 
and K-20,. was planted in a heavily infested, isolated, two-
acre field in 1928« At least four and, in some cases, as niany 
as ten I'eplications were made of each selection. Evidence that 
the soil was heavily infested had been obtained in 1926 and 
1927 where coramercial varieties, chiefly Kleckley sweet and 
Tom Watson, respectively, showed 98 and 99 per cent vfilt. The 
rows were 20 rods long and seven feet apart, each 20-rGd row 
was divided into four equal sections, and twenty hills planted 
in each section at the rate of four to ei^(^t seeds per hill. 
The check.rows consisted of seed of the var* Kleckley sweet. 
'Hie initial stand and the rate of wilting during the growing 
season appear in table 27. 
Table 27* Relative v/ilt resistance of some selections from the variety 
Kleckley sweet, grown on heavily infested soil at Conesville 
in 1928, 
~ Number ; : Per centi wilt ;Kuinber 
Breed-:of :Initial: i 1 ; I 5 I 5 :Sept,:ripe 
ing trepli- :stand : June; Junes June: July: July: July:Aug» :A.ug,: 15 :rnelona 
number: cations ;Juno 1 : 18 : 25 : 29 : 5 : 10 : 16 : 1 1 : 16 :final :harve 
K-S4 4 72 11 13 19 26 26 26 26 34 63 59 
K-2 4 60 12 18 20 28 33 42 63 85 98 4 
K-4 6 29 4 28 52 69 79 83 88 94 98 1 
K-10 10 113 6 29 37 38 41 45 58 75 88 26 
K-11 10 88 10 26 38 52 53 54 69 90 96 3 
K-16 •4 50 22 30 42 48 52 54 69 92 100 0 
E-16 4 46 31 40 41 49 53 53 71 96 100 0 
K-17 4 69 4 14 26 37 41 45 63 89 100 0 
K-18 5 79 9 30 33 51 53 54 66 76 81 10 
K-19 7 89 12 46 48 53 56 61 69 76 89 5 
K-20 10 144 13 21 29 42 43 44 . 68 95 98 1 
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The data in table 27 indicate that there vfas a decided 
difference in the relative v;llt resistance of sielectlons from 
the var, Kleckley sv/eet, when these selections t^ex^ grown on 
I 
heavily infested soil. Selections K-15, K-16, and K-17 were 
completely susceptible, while selecfcions K-IS, 1^*10, and K-19 
were, respectively, 81, 88, and 89 per cent susceptible. It 
should be noted that selections K-15, K-16, K-17„ IC-18, K-10, 
and K-19 were from open pollinated fruits. Selecitldn E-S4, 
the self-pollinated strain of th.e variety Kleckley sweet, v/as 
more resistant, as 47 per cent of the plants v/er^i alivs on 
September 15, 1928. | 
I ; ; 
It is interesting to note the relative resi'sliance pf these 
eleven selections on consecutive dates during the jsummelfi On 
June 18, v/hen the second count was made, there werie few strik­
ing differences in the rate of wilting: K-S4, on ^xie 18, wavS 
i ' 
no more resistant than several open-pollinated sel|e4tions.t On 
June 25, differences in rate of wilting appeared. T^ie per cent 
iV 
wilt of selections K-S4, K-16, and K-19 was, respelcti^ely 13, 
40, and 46 per cent. Four days later there was n<l>\ further 
change. On July 5, however, selections K-11 and ;iC-19 shov/ed 
f ' \ 
52 and 53 per cent wilt, respectively, while the pjer cjieht wilt 
of K-S4 did not increase, even thougja soil and aii^ temperatures 
were near the optimum for infection by B'usarium nijveum* 'Many 
of the open-pollinated selections continued to wilt rapidly 
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during July, until on August 1, the per cent v/llt of selec­
tions K-4, K-16, K-19, K-11, and K-15 was, respectively, 88, 
71, 59, 69, and 89, v/hile the per cent wilt of K-S4 was still 
only 26 per cent. 
During August and the first two vveeks of September, the 
per cent wilt of all selections increased, until on Septentoer 
15, selections K-15, K-16, and K-17 were 100 per cent wilted, 
while the per cent wilt of K-S4 was only 53. Selections K-18, 
K-19, and K-11 were wilted, respectively, to the extent of 81, 
89, and 96 per cent. 
Further evidence, that K-S4 was relatively resistant in 
1928, is presented in the column in table 27 headed "Number 
ripe melons harvested". It will be noted that the 34 resistant 
plants of K-S4 produced 59 ripe melons. In addition, K-S4 pro­
duced 14 melons which did not mature seed. These 34 plants, 
therefore, produced 73 melons, or slightly more than an average 
of two melons per plant. This yield is considered satisfactory 
for the production of a profitable crop, even in disease-free 
soil. It ia also evident tliat the number of ripe melons har­
vested may be positively correlated with the relative resistance 
of the various selections. 
Additional evidence of the resistance of K-S4 appears in 
table 28 in which the resistance of the selections adjoining 
and adjacent to the four replications of K-S4 is recorded. The 
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Table 28, lEhe comparative wilt resistance of selection K-S4 
and its adjoining and adjacent selections in 
heavily infested soil, 1928. 
:Per cent:Per cent realstarice of selections in 
Repli­ :resls- • • » • {Adjoining jAdjoin^g 
cation Date :tance :Adjacent;Adjacent:section in:section in 
number tof K-S4 : rovra : row* :the row«- :the row'S 
1 July 10 93 17 68 34 
2 n 75 67 39 67 
3 It 60 37 56 45 
4 ti 77 42 57 25 
1 Aug. 16 87 0 58 31 
2 It 75 34 25 34 
3 II 60 0 44 34 
4 ti 74 33 57 25 
1 Sept. 5 65 0 8 0 
2 II 44 14 6 11 
3 n 41 0 31 12 
4 n 51 25 6 0 
Average Sepb .15 47 8 9 6 0 
-a-oSie selections which, were planted adjacent to or adjoining 
K-S4 In the field were some of the open pollinated selections 
listed in table 27. 
adjoining selections were in the same rows on either side of 
K-S4. Data are presented showing the relative resistance of 
K-S4, with its adjoining and adjacent selections, on July 10, 
August 16,• and September 15, 1928, 
?ihen, on July 10, it appeax^ed that there was a marked 
difference in the relative resistance of the selections desig­
nated as K-S4 and K-2, K-4, etc., it was decided to self-
pollinate flowers on all plants v/hich appeared resistant. About 
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two thousand flov/ers were self-pollinated and, as indicated in 
table 30, 109 ripe melons were harvested. Of this number, 41 
or about 40 per cent v/ere the result of artificial self-pollina­
tion. 'fhe relative wilt resistance of selections K-S4 and K-16 
is shown in Pig- 12* 
Mass aelectioriS were also made at Fruitland on September 
16 and again on October 3, 1927, in a five-acre field from the 
var. Kleckley sweet* i!/llt had been severe in this field during 
July and August and by September 16, the stand of disease-free 
plants had been reduced to about 150* Melons were selected 
from 25 plants vrhich appeared resistant on September 16* Again 
on October 3, when Lhere were only about 75 living plants in 
this field, 12 melons were picked from resistant plants and 
seeded. In 1928, two heavily infested fields at Gonesville 
7/ere planted with this seed. Such seed selected from surviving 
plants in badly v/ilted fields, v;as not the result of self-pollina-
tion. It \«ras used to determine v/hether or not selection, un­
accompanied by self-pollination, would prove advantageous in 
the iaolation of resistant strains from susceptible varieties. 
Selections V7ere made purposely on September 16 and October 
3, in order to determine whether or not ttiere might be a posi­
tive correlation between the time at which mass selections v/ere 
made and their relative resistance. These selections were desig­
nated as KA2, KA3, KA6, KA7, KAll, KA16, KAlS, kA19, KA29, KAlO 
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Fig. 12. Relative resistance of K-S4 at Conesvill© 
in 1928. Row on the left selection K-15, 
100 per cent viilted. Middle row K-S4, 47 
per cent wilted. 
KA26, KA21, KA.27, KA28, M31, KA35, K/i36, and KA,37. 
Seed of 18 of tliese Belections vms planted in 1928. This 
seed was planted in five-rod rows, seven feet apart with 20 
hills per five-rod row, at the rate of six to eight seeds per 
hill* Record vras made of the initial stand and of the rate of 
wilting during the ^irov/ing season with the results appearing 
in table 29. 
The data in table 29 indicate that mass selection v/ithin 
a coiffiiiercial susceptible variety may be used to isolate resis­
tant strains. Consideration should be given the fact that these 
selections were grown in the same field in vAiich, in 1926 and 
1927, the variety Kleckley sweet and 41 other cofflraercial var­
ieties v;ere 99 per cent susceptible. Fur'ther evidence that the 
soil in this field vras heavily infested in 1923, is that only 
55 melons matured from 2243 original plants* 
JSany of these selections were as susceptible as the var. 
Kleckley sv/eet. A few v;ere ooraeivhat less susceptible but only 
three, namely KA2, KA19, and KA3^ appeared to be resistant. 
This was particularly true of KA2, which was 47 and 21 per 
cent resistant, respectively, on Auijust 16 and September 15, 
1928. This selection produced 17 mature melons on resistant 
vines, v/hile KA26 with a greater initial stand produced no 
mature melons. KA19 v/as 26 per cent resistant on August 16 
and 19 per cent on September 16, while on August 16 KAIO v/as 
Table 29. Relative wilt resistance of some selections of the variety Kleckley 
sweet grown on Infested soil at Conesville> 1928. 
per cent wilt , :^ield.. 
'sFb", ;Mo# of Buc-
:of jcessfulself-
JulysAug:Aug:Sept:ripe :pollinations 
16 : 1 : 16: 15 :melons:on 
;har- :resistant 
ivestediplants 
Breed-:Number :Initial 
ing :of : stand 
number:repli- :June 1 
:cations: 
June s June:June 
18 : 25 : 29 
July:July 
5 : 10 
KA2 16 216 0 15 22 34 35 48 48 53 79 17 3 
KA3 11 170 1 16 29 36 37 49 64 88 94 2 0 
KA6 13 159 1 21 27 44 51 54 61 74 90 3 0 
KA7 15 172 1 22 36 48 56 65 68 79 92 3 1 
KAll 10 147 1 9 17 28 33 43 61 74 91 3 0 
KA16 12 179 1 21 31 43 44 53 58 69 89 4 0 
KA18 4 47 1 25 27 47 47 49 69 91 94 2 1 
KA19 7 127 0 29 35 41 46 47 59 74 81 7 1 
KA29 3 36 0 59 61 72 72 84 88 94 100 0 0 
KAIO ; 7 105 1 18 31 44 46 49 81 96 100 0 0 
KA21 7 79 4 8 36 55 61 67 71 84 96 1 0 
KA26 9 264 3 48 53 68 70 75 79 91 100 0 0 
KA27 11 223 7 38 49 62 69 79 83 88 100 0 0 
EA28 10 171 2 38 44 63 65 71 76 89 .97 1 0 
KA31 6 73 8 41 48 57 61 63 63 70 83 5 1 
KA35 7 102 3 38 52 69 73 81 81 81 86 5 1 
EA36 8 136 7 42 52 66 70 71 79 84 93 2 1 
KA37 4 47 4 36 37 39 46 49 . 63 81 100 0 0 
•Totals 2243 55 9 
Kleckley 
sweet 
(check) 6 241 18 44 51 63 75 89 96 98 99 1 0 
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only four per cent resistant and on September 15 was 100 per 
cent susceptible. 
Inuring the early part of tlie season of 1928, many of these 
selections appeared much more resistant than the var» Kleckley 
svreet, but as the season advanced only the three designated as 
KA2, KA.1^ and KA31 maintained this appearance. As is indicated 
in table 29, nine melons which resulted from artificial self-
pollination matured on resistant vines. 
Trials -with the var. -Tom ?/atson« 
In addition to mass selections from the variety Kleckley 
sweet, plans were made to make similar selections from the var­
iety Tom ?/atson in 1927. Seed of this variety v/as planted in 
infested soil, flowers self-pollinated, and selections made as 
described in the case of the variety Kleckley sweet» Three 
self-pollinated melons, designated as MW-Sl, MW-S2, and Mf-S3 
were secured. Seed was also secured from 15 open-pollinated 
melons and planted in two infested fields in 1928. The rela­
tive resistance of these selections is ^own in table 30, and 
indicates that selections from the commercial susceptible 
variety Tom Watson seemed to possess some wilt resistance. 
This was particularly true of selections desigmted as MW-13, 
MW-4, and MW-2. Unfortunately, no self-pollinated melons were 
secured from selections MW-13 or MW-4, and no melons ripened 
in the case of MW-2. However, as is shown in table 30, two 
Table 30. Relative wilt resistance of some selections from the var* Tom 
Watson, both self-pollinated and open-pollinated in 1927, and 
grown in infested soil at Coneaville in 1928. 
I per cent wilt ; Yield 
• 
9 
• # A • • m :No» si'i'o,.„.pf ,,suc-
Breed- rllumber ;Initial: • • • • I of tcessful self-
ing : of :stand ; June : June June July t July July:Aug Aug Septrripe tpollinations 
number: repli­ :June 1 : 18 : 25 29 5 :10 16 : 1 16 15 rraelons ton 
cations • • « • • • ;pro- zresistant 
• • « • t • • : du ced tplants 
MW-si' " 1 37 0 8 16 27 30 46 91 91 91 1 "i 
MW-S2 1 16 0 0 0 19 19 25 93 98 98 0 0 
MW-1 2 98 0 8 11 30 35 50 78 92 93 0 0 
KW-3 2 95 0 9 14 28 36 45 78 81 91 0 0 
MW-4 2 34 0 15 15 17 20 26 56 64 81 3 0 
m-2 2 104 0 3 10 12 22 36 SO 83 86 0 0 m 
MW-6 2 85 0 10 11 18 23 39 71 89 89 2 2 ® 
MW-7 1 45 0 31 39 46 57 66 100 100 100 0 0 • 
m-'S 1 54 0 28 33 44 53 59 96 100 100 0 0 
ra-9 1 39 0 29 38 43 43 46 100 100 100 0 0 
MW^IO 1 39 0 10 13 36 46 62 76 83 95 1 1 
BSW-ll . 1 36 0 6 16 25 27 42 97 100 100 0 0 
My/-i2 1 52 0 13 27 34 34 46 100 100 100 0 0 
MWrl3 1 27 6 8 8 11 11 18 43 59 78 3 0 
M7/-14 1 42 0 30 43 64 64 76 98 100 100 0 0 
MW-15 1 39 0 23 36 46 54 59 100 100 100 0 0 
Total ' 1 841 10 4 
Tom 
Watson 
(check) 216 3 26 51 64 76 84 96 98 98 0 0 
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self-pollinated melons were secured from selection MW-9, and 
one each from selections MW-Sl and MW-IO, 
Mass selections aade in 1928, 
"^he results thus secured in 1927 by mass selection of 
selfed and open-pollinated melons led to more extensive mass 
selecting in 1928, I'his work was undertaken in four fields. 
Field No. 1 (two acres) had been planted v;ith seed of the var, 
Kleckley sweet which waa the result of both self and open 
pollination in 1927. The relative resistance of these selec­
tions has been indicated in table 27 and briefly airamarized by 
the writer (27)» Mass selections of botli selfed and open-
pollinated melonswere made from resistant vines during 
September, 1928, 
Field No. 2 (about throe acres) had been planted with. 
seed of the var, Kleckley sweet by Mr, Wayne HarJcins, of Cones-
ville. On August 1, about 75 per cent of the plants v/ere in­
fected, On -August 15, 89 disease-free plants were marked by 
placing a wooden stake in the respective hills. On September 
8, 64 of these 89 plants shovjed \d.lt infection. On September 
20, selections vsrere made from 22 plants which still appeared 
resistant. The relative resistance of some of these selections 
to seedling wilt in the greenhouse is indicated in table 34# 
Field Ko. 3 (about one and one-half acres) had been 
planted with seed of the var. Kleckley sweet by v^olford Bros, 
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of Conesvllle. P/llt did not appear to be serious in this field, 
and on September 20 approximately 40 per cent wilt was noted. 
This seemed strange, in view of the fact that the soil was 
known to be infested. Therefore, 14 selections were made to 
determine: (1) whether such selections would prove resistant 
in future generations; or (2) \vhether this particular strain 
of Kleckley sweet was naturally resistant to the disease. 
Field No. 4 (15 acres) had been planted with seed of the 
var. Kleckley sweet by Mr. George Brown of Conesville.• This 
field produced its last crop of watermelons in 1920, a limited 
amount of wilt having appeared that year. l!his field was 
under observation during the entire growing season of 1928. 
On July 5, eight per cent of the plants had v;ilted. On July 
25 and August 10, respectively, 22 and 58 per cent of the 
plants had wilted, indicating that heavy loss probably would 
be incurred before the melons would ripen. On September 1, 
the fourth count was made and it v/as found that 82 per cent 
had wilted. Accordingly, the plants in 286 hills v;hich appeared 
resistant on September 1, were marked. By September 10 it was 
found that many of these plants had wilted and on September 22, 
•vhen the selections were made, only 31 melons were secured 
from the plants shov/ing no wilt. The initial stand in this 
field was approximately 15,000 plants. Hence, it is evident 
that the crop was practically a complete failure from the 
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effects of watermelon wilt. Tlie relative resistance of these 
selections to seedling wilt is shown by the data in table 33• 
HYBRIDIZATIOH 
It has been shown by Orton (16) and the writer (25) that 
the inedible varieties of Citrullus vulgaris are relatively 
resistant to v/ilt. Having deteirained that thO' var. Stoak citron 
v/as v/ilt resistant, Orton (19) crossed this variety oh'the 
commercial, wilt-susceptible variety Eden. After eight years 
of selection, he developed the edible wilt-resistant variety 
Conqueror. His work indicated that it was not difficult to 
secure resistance in this v;ay, but tliat it was more difficult 
to fix the type and quality of the melons. Since Orton had 
been succesaful in developing wilt resistance by hybridization, 
the vfriter undertook this method in 1926. 
Varieties Chosen as Stocks 
Seven edible susceptible commercial varieties were chosen 
as stocks, namely: Kleckley sweet, Tom Watson, Halbert honey, 
Thurmond gray. Stone mountain, Dixie belle, and Excel. The two 
first mentioned varieties are most widely used in Iowa, The 
inedible resistant varieties chosen for hybridization with 
these susceptible varieties vrere Majorta. Mammoth white. Stock 
citron. Preserving citron, Ihite seeded, and Kafir. The var. 
Conqueror was also used in crosses with edible susceptible 
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varieties, since, at the beginning of this work, the var« Con­
queror was assmed to be v;llt resistant. However, trials in 
1926 and 1927 indicated that the var« Conqueror was only 
slif^tly more resistant than the var. Kleckley sweet. 
Artificial Crosses of the Variety 
Conqueror on Four Commercial Varieties 
Grosses of the var* Conqueror on the varieties, Kleckley 
sweet and Horn Watson had been made by Drs,-3.M. Dietz and 0«H, 
Slmer» at Lacey, lovfa, in 1925. The seed of these crosses 
and the seed of similar crosses made by the variter in 1926 
was planted in the greenhouse in November, 1926, and self-
pollinated melons ripened in May, 1927, Dr, Elmer had planted 
Pj^ seed of the crosses made at Lacey in the greenhouse in 
November 1925 and four self-pollinated melons ripened in May, 
1926, 
Although Orton {18) stated tliat plants resulting from 
crosses of the-var, Eden on the var. Stock citron must be grown 
on wilt-free soil, indicating that resistance to v/ilt was in­
herited as a recessive character, it was thought best to deter­
mine this point for each Pj^ generation. Accordingly, P^ seed 
derived from crossing the variety Conqueror on the varieties 
Kleckley sweet and Tom Watson was planted in infested soil in 
^Grateful acknowledgment is made to Drs, Dletz and Elmer for 
Pi seed received in March, 1926, 
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the field in 1926. By July 15 the plants v;ere wilting aa 
rapidly as those of the varieties, Eleckley sweet and Tom Watson* 
At the end of the growing season, 99,8 per cent of the plants 
of the Fi generation had died, indicating that resistance vas 
inherited as a recessive character in the varieties used. The 
plants vrere also grown in disease-free soil and flowers were 
self-pollinated in order to secure Pg seed for trial on infested 
soil in 1927. 'Bie four lots of ?£ seed produced in the green­
house during the vfinter of 1925-26 were plaaited in two infested . 
fields in 1926 and efforts made to self-pollinate so as to 
secure at least one self-pollinated melon on each resistant 
plant* A few plants appeared resistant in 1926 and self-fertil-
ized seed v/as secured for further trial in 1927# The resistance 
of the Pg was low in 1927, indicating that the variety Conqueror, 
which had been used as the resistant parent in these crosses, was 
proha'Dly not entirely resistant. This was found to be true when 
this variety was planted in infested soil in 1926, 1927, and 
1928. By September 20, during these three years, there was no 
appreciable difference in the relative wilt resistance of the 
varieties Conqueror and Kleckley sweet. Earlier in the season, 
the var» Conquer appeared quite resistant, but during the hot 
weather v;hlch prevailed in July and August, tlie plants of this 
variety wilted rapidly. Thus, the Pg ojP crosses of the var. 
Conqueror on the var» Kleckley svireet could not be expected to 
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be markedly resistant. 
However, in 1926 and again in 1927, several P2 and P3 
plants of crosses of the var. Conqueror on the varieties, 
Kleckley svreet, Tom Watson, and Excel, proved to be resistant 
when grown in severely infested soil at Conesville and Pruit-
land, Iowa, and self-fertilized seed v/as secured from such 
plants for further trial. Five hybrids of the var. Conqueror 
on commercial varieties indicated such resistance in tliree in­
fested fields in Euscatine county in 1928 as to justify further 
trials» TJlie history and development of these five strains 
follow: 
(1) Hybrid 43• 
Hybrid 43 resulted from a cross of the var» Conqueror 0 x 
the var. Excel G in 1926» The was grown and selfed in 
disease-free soil in 1927, while the Pg was grown and selfed on 
heavily infested soil at Conesville and Pruitland in 1928 and 
proved moderately resistant. Kiose plants which lived produced 
melons of fairly uniform type and of excellent quality, 'jche 
melons were more blocky than those of the var. Excel and with 
or without a faint stripe. 
(2) Hybrid 30. 
« 
Hybrid 30 resulted from a cross made by Drs. S.M. Bietz 
and o.H. Elmer at Lacey, Iowa, in 1925, of the var. Conqueror 
0 on the var. Kleckley sweet 0 . Ihe Pj^ was grown and selfed 
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Qj_gea_sQ»fi»0e soil in tiiG greenliousc at Ames during tii© winter 
of 1925-26. The Pg was grown and selfed on infested ad.! al; 
Gonesville in 1926 and proved very slightly resistant. Seed 
was secured from tv/o selfed melons and planted in three infes— 
ted fields in 1927* Again the resistance was quite low, but 
a sufficient number of selfed melons icatured on resistant vines 
to justify more extensive trial in 1928, Seed from five such 
aielons was planted in three infested fields at Conesville in 
1928.' The ai^^rage resistance was 46 per cent, while the var. 
Klecklliey sweet was 98 per , cent susceptible# The type of tho 
melon^ produced in 1928 was not uniform, the shape varying 
from iound to oblong, and color from dark green to striped, 
ihe fl|esh quality was inferior to that of hybrid 43. 
(b) Hybrid 33. 
Hybrid 33 resulted from a cross made in 1926 of the var, 
conqueror 0 on the var. Halbert honey 0. The was grown and 
, \  
selfedliln disease-free soil in the greeiihouse at Ames during 
the wiiiter of 1926-27, The shape of the F-^ melons was inter­
mediate between the stocks, v/itii skin color like that of the 
var. Halbert honey and flesh quality satisfactory. The Pg was 
grovm iaild selfed in three infested fields at Gonesville in 
1927 wh^re the resistance was very low, being 10 per cent where 
the v4r^ Halbert honey was 100 per cent susceptible. The shape 
of th^ Pg melons varied from round to oblong; size, from very 
{irw 
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.maU (10 lbs.) to medium (25 11>B.)J oolor. from dark green to 
striped: «lth satisfactory flesh quality. Only one solfed 
melon was secured from a resistant plant in 1927, and seed 
from this melon was plarited in two Infested fields in 1928. 
•Bie seed produced plants which were 59 per cent resistant 
Hhlle the var. Halbert honey was 100 per cent susceptible in 
1928. Tlie type approached that of the var. Conqueror but.there 
was a tendency toward the oblong shape of the var. Halbert honey. 
Fes; of the melons were striped, none as definitely marlcea as 
the var. Conqueror, mostly being dark green resembling the var. 
Halbert honey in skin color. The quality was not exceptional 
hut satisfactory for a commercial melon. 
(4) Hybrid 90# 
Hybrid 90 resulted from a cross made In 1926 of tHe var. 
conqueror 0 on the var. Kleckley sweet 0. the was grown 
and selfed in disease-free soil in the greenhouse at Ames dur-
ina the winter of 1926-27. The Pi melons resembled those of 
the var. Conqueror in shape with color resembling that of the 
var. Kleckley sweet. Hie Pg ST™" selfed in three 
infested fields at Conesville in 1927 where it was very slightly 
. resistant, ei^t per cent of the plants maturing ripe melons 
while the var. Kleckley sweat was 99 per cent susceptible. 
ffliose melons which ripened on resistant vines resembled In 
shape those of the var. Conqueror, but had the dark green skin 
color characteristic of the var. Kleckley sweet. The f3.eah 
quality was more desirable than that of Ihe var. Conqueror# 
one selfed melon ripened on a resistant vine in 1927. Uhe Pg 
v;as grown and selfed in one infested field in 1928 where it 
was about 35 per cent resistant, while the var. Kleckley sweet 
v/as 100 per cent susceptible. She type of the melons produced 
by resistant plants appeared well fixed, being round or nearly 
so, with skin color resembling that of the var. Kleckley sweet. 
Ihe quality of the flesh was satisfactory. 
(5) Hybrid 157. 
Hybrid 137 resulted from a cross made in 1926 of the var. 
Conqueror 0 on the var. Kleckley sweet 0 . IJhe was grown 
and selfed in disease-free soil in the greenhouse at Ames dur-
in./; the winter of 1926-27. The Pi melons were not uniform, 
ratlier variable in quality, shape and color. In view of the 
fact that all other melons resulting from crosses of the var. 
Conqueror on the var. Kleckley sweet were strikingly uniform 
in shape, color, and quality, it was evident that contaminated 
pollen had probably been used in making uhe original cross. 
Such v7as further evident when it was found that certain citron 
characters appeared in subsequent generations. The P2 was 
grown and selfed in three infested fields in 1927 where the 
resistance was extremely variable, indicating again thab some 
error had been made either in pollination or in handling the 
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seed. >>lnce the resistance of this hybrid was about 80 per 
cent in the Pg in 1927, seed was saved from several selfed 
melons for further trial on infested soil. The P3 was grown 
and selfed in three infested fields In 1928, The citron char­
acteristics were absent in 1928, indicating that such probably 
had been eliminated during self-pollination and selection in. 
1927» Tlie type of the melons produced on resistant vines in 
the Prt in 1928 appeared to be well fixed. The majority of the 
o 
melons were oblong, resembling the melons of the var. Kleckley 
sweet in shape. A faint stripe was usually evident on the 
skin. The resistance of the Pg in 1928 was 55 per cent. 
Thus, the Pj of five hybrids resulting from crosses of the 
var. Conqueror on the commercial varieties Kleckley sweet, Tom 
Watson, Halbert honey, and Excel, were resistant in 1928. Dur­
ing 1925 and 1926, 347 crosses were made between the var. Con­
queror and seven commercial varieties, from which 53 hybrids 
were obtained. Only five of these have proved sufficiently 
resistant in the P3 to jus'oify further trial. The resistance 
of the var. Conqueror is obscured during the hot weather which 
prevails in Iowa from late July throiagh August. The probability, 
therefore, of producing resistant varieties using the var. Con­
queror as the resistant parent is not great. It appears, however, 
from the results secured with such hybrids in 1928, that a rela­
tively low per cent of the hybrids thus obtained are resistant 
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in the P3. \Vhether this relative resistance will be maintained 
in succeeding generations is as yet unknown, but as is shown 
in table 33, the P4 of hybrid .43, when indexed in infested 
soil in the greenhouse in 1928, appeared to be resistant to 
seedling wilt. a?he type of fruits produced in the Pg of a 
cross of the var. Conqueror on the var. Kleckley sweet is shown 
in Pig. 13. 
Chance Hybrids of the Variety Conqueror 
on Cooiniercial Varieties 
(1) Q21 (220 in 1928). 
This selection was originally made by Drs. Elmer and Diet2s 
at Lacey, lov;a, in 1925, from a field of the variety Conqueror 
near which other varieties were growing. It viras tested in 1926 
on lightly infested soil and appeared moderately resistant. 
The type and color were exceedingly variable, the melons appeared 
to have been the Fi of a cross of the var. Conqueror on the var. 
Kleckley sv/eet. Many of the melons resembled those of the var. 
Kleckley sweet both in shape and color. The quality was satis­
factory. Selfed seed was secured from two melons and open 
pollinated seed from the same number. These four selections 
of seed, designated as Q21-S1, Q21-S2, Q21-3, and Q21-4, were 
planted in three heavily infested fields in 1927. Q21-S1 and 
Q21-S2 proved completely susceptible. Ci21-4 was slightly re­
sistant, while Q21-3 was 42 per cent resistant at pruitland. 
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Ple, 13. Pp fruits of a cross of the variety 
Co-nqueror on the variety Kleckley 
svtreet* 
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Seed of Q21-3 was secured from one open pollinated melon and 
designated as Q21-3-2. This seed was planted in tV¥o heavily 
infested fields at Conesville in 1928 and on Septeniber 16, the 
progeny were 68 per cent resistant and of reroarkalDly unifonu 
fcyP®* There was only one niarked variation, nazaely size* Th© 
shape, color, and quality were uniform, 'fne melons were 
sllcihtly oblong, of deep "blue-green skin color, with faint- short 
stripes. The quality was not exceptionally good. The flesh was 
sli^tly too coarse and stringy for a melon which would ever he 
Dopular with growers and seedsmen, but the remarkable uniformity 
and outstanding resistance of this chance hybrxd. Ho. Q21—3—2, 
justified extensive trial. 
(2) 0,23 (200, 190, 192, and 194 in 1928) 
The original selection was made by Drs. Elmer and Dietz 
from a plant of the var. Conqueror at Lacey, Iowa, in 1926, near 
which other varieties were growing. It was tested on infested 
soil at Conesville in 1926 and appeared moderately resistant, 
'ihree selfed melons were secured. These resembled the melons 
of the var. Kleckley sweet in size, shape, and quality, but 
bore stripes characteristic of the var. Conqueror. They were 
designated as Q23-S1, Q23-S2, and Q23-S4. Seed from these 
melons was planted in three ini'ested fields in 1927 and the 
progeny were found to be 11, 22, and 41 per cent resistant. 
Bie shape was practically fixed, being almost identical with 
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that of the var» Kleckley sweet. All of the melons bore a 
distinct stripe characteristic of the var. Conqueror, and all 
were of good quality. Seed was selected from three self-
pollinated melons, designated as Q23-S4-S1, Q23-S4-S2, and 
Q23-S4-S3, and planted in three infested fields in 1928. Selec­
tion 0,23-S4-S3 was 64 per cent resistant in 1928, being the 
most resistant of the three. The melons of this hybrid were 
practically identical ivith Q23-S4, all of shape and size char­
acteristic of the var. Kleckley sweet and with distinct strip­
ing characteristic of the var. Co-nqueror. 
Thus, it appears that wilt resistant strains have been 
isolated by mass selection following exposure of plants of the 
var. Conqueror to pollen from other varieties. Two of the 
20 mass selections of the var. Conqueror have proven resistant 
and of uniform type and quality. It should be noted that al­
though the original selections were made in a field of the var. 
Conqueror, yet the two resistant strains developed from these 
selections are not like the var. Conqueror, but new strains 
probably resulting from natural crossing between the var. Con­
queror and other coiwnercial varieties. The original selection 
of hybrid Q21 was made in 1925. Mass selection, without any 
attempt being made to control the pollination in 1925, 1926, 
or 1927, has resulted in the isolation of v/hat is apparently 
a relatively x-esistant strain of quite uniform type and quality. 
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Efforts are being made to determine ir.'hs ther or not this variety 
is sterile when foreign pollen is used. "This my furnish an 
explanation of the remarkable uniformity of the melons of 
hybrid Q21» 
Rosa (30) has shown that some varieties of Citrullus vul" 
garlB bear polygamous flowers while most varieties usually bear 
imperfect flowers. Polygamous flowers have been observed on 
the varieties Stone mountain ard Thurmond gray, and on the citron 
varieties Majorta, Kafir, ^ .hite seeded. Mammoth v/hite. Stock 
citron, and Preserving citron. Polygamy is a common character­
istic of the inedible varieties of Citrullus vulgaris but is 
seldom found among the edible varieties, Q21 normally does not 
bear polygamous flowers. 
Artificial crosses of Varieties of the Citron 
Group on Varieties of the Watermelon Group 
In addition to attempts to develop v/ilt resistant varieties 
of watermelons by crosses of the variety Conqueror on a number 
of commercial susceptible varieties, attempt has been made to 
develop wilt resistant varieties by crossing several inedible 
wilt-resistant citron varieties on commercial varieties of 
edible wilt-suaceptible watermelons. Orton (19) was able to 
develop the var. Conqueror by crossing the inedible wilt resis­
tant variety Stock citron on the commercial susceptible variety 
Eden. It was realized at the beginning of these investigations 
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in 1926 tbiat by utilization of Inedible citron varieties as 
rei;istant stocks the purification of the resulting hybrids from 
the standpoint of edibility, would doubtless require many years. 
It was also realized tliat although the edible water-melon var­
ieties ^ vere highly resistant, if not immune, to mosaic, the 
red-seeded citron was known to be susceptible. Thus, hybrids 
of citron varieties on wilt susceptible watermelon varieties 
might prove susceptible to mosaic. 
However, in view of Orton's success with the var. Stock 
citron as the resistant parent (19), it ms decided to assemble 
all available citron varieties and to cross these on edible, 
wilt-susceptible varieties. These inedible citron varieties 
have been collected, tested for resistance to watermelon wilt, 
and many of them have been crossed on the varieties Kleckley 
aweet, Halbert honey. Excel, Tiiurmond gray, and Tom Watson. 
Inedible Wilt Resistant Citrons tfsed as Stocks 
The following inedible citrons have been used in crosses 
on edible v/ilt-susceptible varieties: iCafir, white seeded, 
ftojorta. Mammoth white, Stock citron, and Preserving citron. 
The source and relative wilt resistance of these varieties 
are listed elsewhere in this paper. A brief description of the 
fruit of these inedible resistant citrons is given here. 
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pig. 14» Fruit types of tlxe varieties White 
seeded and Kafirs 
Left - Kafir 
Middle - White seeded (1) 
ri^t - White seeded (2) 
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(1) Kafir• 
seed of this variety produced two distinct types of 
fruit: (1) oblong, v/itb yellow skin, thick rind, white flesh, 
and brovm or tan seed coatj and (2) oblong, with dark green 
striped skin, white flestv and tan seed coat* 
(2) White seeded» 
Seed of this variety also produced two distinct types of 
finiit: (1) flat, with li^t green striped skin, pink to salmon 
colored flesh, thick rind, and white seed coat; and (2) round, 
with dark green skin, salmon colored flesh, and v/hite seed 
coat. Three of the fruit types of the varieties Kafir and 
White seeded are shown In Pig# 14• 
(3) Majorta. 
The fruit of this variety is oblong with dark green 
dappled skin, white to faintly pink flesh, large seeds, and 
tan seed coat* 
(4) Mammoth v/hite. 
Ilie fruit of this variety is flat, with yellow skin, white 
flesh, and pale purple seed coat. 
(5) Stock citron. 
The fruit of this variety is oblong v;ith green or greenish-
yellow skin, white flesh, and green seed coat. 
(6) Preserving citron. 
The fruit of this variety is round, small, with striped 
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green skin, hard white flesh, and green seed coat* 
crosses were made in 1926 using the var. Preserving citron 
as the resistant parent and the varieties Uleckley sv/eet, Hal-
bert honey, Tom ^ 'atson. Excel, and Thurmond gi^ay as the suscep­
tible parents. Pi plants were grown in infested soil at Cones-
ville and Pruitland in 1927 and 1928 but it was found that they 
v/ere highly susceptible to mosaic. In adaition, the round- type 
of the fruit of the var. Preserving citron made it an undesir­
able stock. Further, it v/as found that both the var. ?i/hite 
seeded and the var. Kafir were much more sat-isfaetory than 
the var. Preserving citron as resistant stocks, because their 
type more nearly approached that of the var. Kleckley sweet; 
the p2 plants vfere much less susceptible than the var. Preserv­
ing citron to mosaic, and, in addition, these two varieties 
were resistant to anthracnose caused by Colletotrichum lagenar-
ium (Pass.) Ell. and Hals. Hence, liie breeding of Preserving 
citron hybrids was discontinued. 
In 1928, seed of the var. Stock citron was planted and 
crosses raade of this variety on several commercial wilt-suscep-
tible varieties., 
Seed of the varieties Mammoth white and Tsama was planted 
in 1928 and crosses raade of the former on several commercial 
susceptible varieties. All attempts to cross var. Tsama on 
com:nercial susceptible varieties failed. This v/as experienced 
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wlietlier the vax*. Tsama was used as tlie male oi* as the femal© 
stock. The var. Majorta ?/as also crossed on commercial v/ilt 
susceptible varieties in 1928« 
The varieties maite seeded and Kafir were used as resistant 
stocks of crosses on cocwiercial susceptible varieties in 1926* 
Only those crosses in which the var. mite seeded was used proved 
successful. Fx plants of the var. mite seeded x the var^Hal-
bert honey were grown in disease-free soil in the greenhouse at 
Axnes during the winter of 1926-27. 
The fruits produced by the plants wsre citron-like in 
shape, seed characters, flesh texture and quality, but the skin 
color resembled that of tiie var. Halbert honey. One selfed 
fjcniit was secured and seed was planted in infested soil at Cones-
ville in 1927. The P2 generation was 85 per cent resistant. The 
shape of the fruit varied from round and flat to oblong; the 
skin color varied from dark green to dappling or mottling; the 
flesh quality varied from complete to sli^t inedibility; some 
fruits had hard, solid flesh; some soft and spongy, while others 
had flesh which resembled the texture of that of var. Halbert 
honey; the flesh color varied from white to yellow, pink, and 
red, and some fruits were hollow in the center. Many fruits of 
desirable external characteristics were produced on resistant 
plants, but the flesh characteristics resembled the inedible 
resistant stock. Four selfed fraits were secured and seed was 
107-
designated as 156-S2-S, 156-32-81, 156-S2-S2, and 156-S2-S3. 
The fruit of 156-S2-S was slightly o'olong vdth a hollow center 
and coarse stringy pink flesh. Th.e skin color resembled that 
of the var, Halbert honey» "me fruit of 156-S2-S1 v/as also 
slightly oblong with skin color characteristic of the var. 
Halbert honey. !Ehe flesh v/as pink and yellow in spots, seeds 
being small and seed coat brown. The fruit of 155-S2-S2 was 
also slightly oblong resembling the var. Halbert honey both in 
shape and skin color. Flesh was yellow and soft, inedible, and 
the seed coat vyas brown. The fruit of 156-S2-S3 was typical 
of the vaa-, Halbert honey externally, but the seed coat was 
bro?m and the pink flesh v®.s strealced and spotted with yellow. 
A brief summary of the type and quality of the fruits 
borne on resistant P2 vines is presented in table 31. 
Table 31* Summary of fruit characters of Fg resistant plants 
of hybrid 156-S2* 
Shape • sMfl oQiLffr ' 
:No. :Ho. ; ; : : ; : 
No, ;sli|^tly:decidedly:No. :No. :No.:Ho,, :No, :No, 
roundioblong ;oblong tf^reen; striped; red;pink;yellow;-tAfhite 
25 24 35 50 ,34 3 14 65 2 
Beed of four selfed Pg fruits was planted in infested 
soil in 1928. The results, with respect to resistance and 
flesh color, are presented in table 32. The Pg progeny 
averaged 79 per cent resistant. 
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Table 32. Quality and resistance in the P3 generation 
resulting from a cross of var* White seeded 
on var. Halbert honey. 1928* 
cent ; color 
Breeding Ho< i real stance s'lo. red; ljo> bellow; White; l^otaT 
155-S2-S 63 2 13 4 19 
156-S2-S1 79 12 15 3 30 
155-S2-S2 85 0 45 0 45 
155-S2-S3 91 23 29 0 • 52 
Totals 37 102 7 146 
ajhe data in table 32 indicate that of the F2 fruits pro­
duced on resistant vines in 1927, only two produced seed the 
progeny of which produced many red-fleshed melons in 1928. 
Hybrids 156-S2-S and 156-S2-S2 were valueless in this respect 
v/hile hybrids 156-S2-S1 and 156-S2-S3, respectively, produced 
40 and 44 per cent red-fleahed fruits in 1928» 
It required eight years for orton (19) to purify and im­
prove the var. Conqueror to the point .v/here it could be distri­
buted to growers and seedsmen. It now appears that at least 
six years and possibly a longer time will be required to purify 
hybrid 156. P3 plants of this hybrid ai^ relatively resistant 
in infested soil but the flesh quality as well as the type is 
not satisfactorily fixed. 
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METHODS GP MEASURING THE RELATIVE WILT RB-
SISTAHCE OF VARIETIES, SELECTIONS, AND HYBRIDS IN 
THE GREENHOUSE 
During the progress of these investigations, it became 
essential to develop greenhouse technique for determining rela­
tive wilt resistance. It v/as evident that with the development 
and utilization of such technique the relative wilt resistance 
of varieties, selections, and hybrids could be determined in 
the seedling stage. 
Practically all of the preliminary trials conducted dur­
ing the winter of 1926-27 proved unsatisfactory. The reasons 
became obvious after a careful study had been made of infection 
phenomena, the relation of the degree of soil infestation to 
the disease, the relation of soil temperature to infection, 
seed disinfection, transplanting effects, and the symptoms pro­
duced. After these phenomena had been investigated it was 
possible to devise a method of indexing the relative wilt resis­
tance of varieties, selections, and hybrids. It was found that 
inoculum was effective when mixed with steamed soil at the rate 
of 2:700 grams# 
At the end of the growing season of 1928, several hundred 
lots of seed were available for indexing. '£hese included mass 
selections, varieties, and hybrids in the ^5' ^4 
generations. The soil used was composed of a mixture of two 
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parts of greenhouse bench soil and one of river sand, steamed 
three times at 25 pounds pressure for three hours on alternate 
days. One-half pint of this soil was placed in a four-inch 
greenhouse pot and two grams of finely powdered inoculum of 
pusariura niveum applied in a thin layer at th© soil surface* 
The pot was then filled to within ahout one inch of the top. 
Twenty-five surface disinfected seeds v/ere then planted. • The 
seeds were covered v/ith steamed soil, the soil was well watered 
and the pots placed on a greenhouse bench where the soil tempera­
ture varied from 31-29®C. As soon as seedling wilt appeared, 
daily records were made of the rate of wilting# Results of 
such trials are presented in tables 33 and 34. 
The data in table 33 indicate that the relative wilt resis­
tance of selections, hybrids, and varieties may be determined 
in the greenhouse. Such determinations require accurate soil 
dosage v/ith a small amount of inoculum. It will be noted that 
after 34 days the susceptibility of the varieties Kleckley 
sweet, Tom V^atson, and Stock citron was 69, 67, and 17 per 
cent, respectively, while after 40 days the susceptibility of 
these three varieties v;as 76, 89^ and 35 per cent, respectively. 
It will be noted that many selections and hybrids were as re­
sistant as the var. Stock citron after 34 days. Such v/as true 
of the follov/ing mass selections; B3, B7, and B15; and of the 
following hybrids: 43—S1-S2, 33-Sl-Sl-Sl, 156-SS-S3-S1, and 
rable 33• Index of wilt resistance of certain hybr^-ds and selections in the 
greenhouse* Group 1, 
{Genera-: : : 
:tion : :Ini- :Per cent of plants wilting aftei 
Breeding No. :(if : History :tial : iiO • : iia • ou : ; " 36 40' 
thybrid)? :stand;day3iday3:day3;days:days;days; days : days 
None Kleckley sweet (check) 117 4 15 17 47 •53 69 72 76 
n Tom Watson (check) 122 14 27 33 55 61 67 78 89 
t» Stock citron (check) 40 0 2 2 2 7 17 22 35 
n Kleckley sweet (non-
infested soil) 50 0 0 0 0 0 0 0 0 
tf Tom Watson " " 46 0 0 0 0 0 0 0 0 
S'-ock citron*^ " 50 0 0 0 0 0 0 0 0 
43-Sl-Sl 3 Conqueror x Excel 50 4 18 24 54 58 64 68 78 
43-S1-S2 3 ti X « 41 0 7 7 12 14 19 24 36 
43-S1-S3 3 " X " 48 8 21 34 51 55 57 59 71 
43-S1-S4 3 ti X n 47 4 54 62 81 86 90 90 90 
43-S1-S5 3 ti X " 49 24 30 30 60 66 78 78 87 
33-Sl-Sl-Sl 4 "x Halbert honey 47 4 5 5 12 16 16 25 33 
53-S1-S1-S2 4 «x " " 49 4 22 30 52 60 65 67 71 
33-S1-S1-S3 4 H35. 11 11 47 2 13 15 29 37 46 52 51 
30-B-S1-S2 4 "x Kleckley sweet 46 4 27 32 51 53 62 62 66 
Q23-S4-S1-S1 4 Probably chance hybrid^s- 46 6 9 17 51 62 76 78 84 
Q23-S1-S1-S1 4 11 n t» 50 2 12 20 62 62 66 66 82 
Q23-S1-S1-S2 4 M n n 48 13 25 33 . 37 41 52 52 60 
Q23-S1-S1-S10 4 !l H » 35 0 5 6 11 29 39 41 54 
Q.23-S1-S2-S1 4 11 It tt 47 22 31 36 51 55 63 69 79 
Q20-S4-4-S1 4 H It II 49 0 12 14 40 48 54 56 61 
156-S2-S2-S3 4 ?ifhite seed citron 
XT 
Halbert honey 39 13 18 22 38 43 56 59 69 
Table 33. continued. 
Breeding No, 
:Genera-: 
:tion 
I (if 
thybrid) 
History 
;Ini- ;Per cent of plants wilting after 
jtial : i:iO : a4 J ' s 30 J 32 : 34 : 
:atand;daya;days sdaya;dayg;days;days; " da^gtdaya 
156-S2-S2-S4 White seed citiPon 
X 
'36 ? 40 
Halbert honey 46 28 34 37 56 56 59 62 76 
156-S2-S2-S5 4 n ti 46 13 30 30 48 48 53 62 71 
156-S2-S2-S6 4 II n 47 2 4 13 41 46 56 59 66 
156-S2-S2-S7 4 n n 49 0 6 10 32 38 46 51 67 
156-S2-S3-S1 4 n !i 48 2 2 2 2 2 2 4 7 
156-S2-.S3-S2 4 11 n 46 2 18 21 48 50 59 62 71 
156-S2-S3-S3 4 ti 11 48 0 2 2 12 13 22 28 35 
B1 Selected from a resis- 84 4 25 33 52 71 75 75 89 
tant Kleckley sY/eet vine 
in Field Ko.4, 1928it'5t 
B3 52 0 0 2 9 9 9 13 15 
B4 n 50 14 30 44 64 70 72 78 80 
B6 rt 50 6 38 48 60 64 88 88 88 
B7 »t 48 2 4 4 12 12 24 26 32 
B8 tt 31 0 6 6 42 49 51 55 59 
B9 11 50 4 12 22 40 46 48 52 68 
BIO n 46 3 5 5 19 26 31 39 53 
Bll ti 45 13 31 31 57 62 64 71 78 
B12 n 48 15 29 33 61 67 69 69 75 
B14 11 50 0 8 12 32 32 42 48 52 
B15 ti 49 2 2 4 12 16 16 16 16 
B16 n 50 12 20 20 49 58 68 68 76 
B17 » 42 19 35 . 50 74 76 77 77 89 
B19 It 49 14 30 30 52 56 63 63 71 
B21 « 50 22 48 58 84 84 86 86 90 
Table 33. continued* 
" :aenera-
rtion 
Breeding No. ;(if 
thybrid) 
History 
:Ini- :Per cent of plants wilting after 
: t ial ; 20 : 24 ; 26 : 30 : 3a : ..34 36 t . 40 
;3tand;days;daysidays;Qays;daya; days i 6aya:dftyc 
B22 
B23 
B24 
B25 
B26 
B27 
B28 
B29 
B31 
Selected from a resis­
tant Kleckley sweet vine 
in Field No,4, 1928«-5t 
n 
n 
n 
II 
II 
n 
43 12 16 17 33 33 39 40 46 
39 5 19 21 32 38 39 41 4p 
42 15 40 49 76 80 81 82 85 
50 6 10 14 38 46 64 66 eo 
49 12 21 32 51 60 68 69 74 
48 14 22 22 35 45 45 48 68 
47 17 21 21 52 63 66 66 71 
50 22 32 38 58 60 64 68 78 
31 G 16 19 36 45 55 64 71 
•M-See page 99 for description of chance hybrid Q23. 
•iH^See page 88 for description of selections Bl, B3, etc 
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156-S2-S3-S2. Attention should also be called to the fact that 
a large number of selections and hybrids were more resistant 
than the varieties Kleekley svfeet and Tom ^ 'Vatson. 
Similar trials were conducted using additional hybrids and 
selections with the results which are presented in table 34, 
The data in table 34 further indicate that the method 
used gave a fairly accurate index of the relative resistance 
of the selections, varieties, and hybrids used. The selections 
designated as H2> H3, H4, H5, H7, H8, H9, HIO, Hll, H12, and 
H13 appeared to vary slightly in their resistance after 40 
days. The resistance of H8 was 47 per cent and that of H2 
only 12. The "Japan 7" selections were the result of artifi­
cial self-pollination in 1928. This variety, as indicated else­
where in this paper, ;vas resistant in the field in 1928. 
"Japan 7-51" appeared to be sll^tly more resistant than the 
var. Stock citron, after 40 days. 
In this experiment the varieties Kleekley sweet and Tom 
Watson were, respectively, 94 and 91 per cent susceptible after 
40 days, while the susc0ptibility of the var. Stock citron at 
this time was only 16. This rtslation more nearly approximates 
the relative resistance of these three varieties under field 
conditions than do the data presented in table 33. 
Attention is directed to the difference in resistance of 
the selections in the,series Q23-S4-S3-S2, etc. The resistance 
j?able 34. Index of relative wilt resistance in the greenlaouse of certain 
additional hybrids and selections. Group 2» 
Breeding No. 
:Genera-
: tion 
:(lf 
;hybrid) 
History 
Ini- : Per cent of plants v/ilting after" 
tial : iS ! 25^ : 24 : 29 : 31,. s 33 : 35 'j "4g' 
s tand; day 3; day a; day s; day s: days; day a; days: day a 
None 
n 
ti 
II 
n 
ti 
Q23-S4-S3-S2 
Q23-S4-S3-S3 
Q23-S4-S3-S4 
Q23-S4-S3-S5 
Q23-S4-S3-S6 
Q23-S4-S3-S7 
Q23-S4-S3-S8 
Q23-S4-S3-S9 
Ci21-3-2-S3 
Q21-3-2-S4 
Q21-3-2-S5 
Ci21-3-2-S6 
HI 
H2 
H3 
H4 
H5 
H7 
H8 
Kleckley sweet (check) 50 16 24 48 74 74 89 
Tom Watson (check) 46 18 31 53 81 81 81 
Stock citron 51 0 1 3 3 3 6 
Kleckley sv/eet (non-
infested soil) 49 0 0 0 0 0 0 
Tom Watson " " 50 0 0 0 0 0 0 
Stock citron " 53 0 0 0 0 0 0 
4 Probably chance hybrid-^ 42 7 12 14 20 20 24 
4 »i II It 49 0 0 2 12 12 14 
4 11 n H 49 2 2 2 8 14 16 
4 «i n It 49 6 8 14 22 28 32 
4 11 If It 48 0 2 7 17 18 22 
4 n It It 45 5 11 14 26 26 28 
4 It It 11 47 7 9 11 28 33 37 
4 It It n 49 0 8 12 16 20 22 
4 II H It 47 7 19 28 33 37 43 
4 It It It 50 24 28 32 34 40 42 
4 It n ti 44 14 18 20 29 29 31 
4 It H n 48 11 13 13 33 33 41 
selected from a resistant 49 26 46 49 56 59 59 
Kleckley sweet vine in 
field No,2, 192&5Hfr 
It 50 18 26 44 62 64 72 
It 50 18 36 42 52 58 68 
It 49 16 26 36 58 63 65 
II 48 23 35. 53 71 71 75 
48 7 15 19 53 65 75 
n 51 19 31 40 45 49 51 
94 
91 
15 
0 
0 
0 
33 
16 
34 
36 
26 
36 
43 
29 
48 
48 
31 
43 
65 
88 
68 
79 
80 
84 
51 
94 
91 
16 
0 
0 
0 
35 
18 
34 
38 
26 
40 
50 
31 
48 
50 
31 
43 
67 
88 
70 
79 
80 
86 
53 
Table 34. Continued, 
;Genera-
ttion. 
Breeding No* :(if History 
:Ini- ; Per cent of plants v/ilting 
:tial : 19 : 23 : 24 : sy j 31,.: 33 
after 
"SS : 
H9 ' Selected 
Kleckley 
from a resistant 
sweet vine in 
50 18 28 48 56 60" 68 ' 72 "74 
field No. 2, 1928iH'f 
55 55 HIO n 49 12 24 28 46 47 51 
Hll n 45 9 9 27 40 43 48 51 55 
H12 11 50 12 22 24 46 48 52 56 58 
H13 n 50 16 34 46 62 62 62 66 68 
Japan 7-Sl 11 39 0 0 0 5 7 10 10 10 
«t 7-S3 It 38 0 0 3 6 13 13 19 23 !1 7-S4 11 45 2 2 8 14 14 14 24 24 
n 7-S5 It 46 0 5 7 18 18 24 29 29 11 7-S6 « 45 0 0 5 14 16 19 24 24 
Cone 1-S2-1-S1 !t 48 0 0 2 7 11 11 23 23 
•»See pages 97 and 99 for a description of chance hybrids Q21 and Q23. 
^i-^See page 87 for a description, of selections HI, H2# etc# 
Rela'bive roslsfcanc© "bo seedling v/ilfc of selections fro^ the 
variety Kleckley sweet. Fifteen per cent wilt in the "cwo 
DOta on the left (B3) and 89 per cent in the two pots on the 
right (B17)* (Wilted plants were removed from the pots 
when the wilt symptoms appeared). 
Relative resistance to seedling wilt of the Pc? of crosses of 
the variety Conqueror on the variety Excel. Thirty-six per 
cent wilt in the two pots on the left (4S-S1-S1) and 91 per 
cent in the two pots on the right {43-Sl^S4), (Wilted plants 
were removed from the pots when the wilt symptoms appeared). 
Relative resistance to seedling wilt of th© P4 of crosses of the 
variety White seeded, on the variety Halbort honey. Seven per 
cent wilt in the two pots on the left (156-S2-S2-S1) and 71 per 
cent in the two pots on the right (156-S2-S2-S2). (Wilted plants 
were reraoved from the pots when the wilt symptoms appeared). 
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of these selections after 40 days varied from 18 to 50 per cent. 
The relative resistance of this strain appears to correlate 
positively with the resistance shown in the field. Cone 
1-S2-1-S1 is also mentioned elsewhere in this paper. It was 
originally selected by Dr. O.H. Slmer, formerly of tliis station, 
from the var. Conqueror. Apparently, this selection is more 
resistant than the variety from which it was selected. The rela­
tive resistance to seedling wilt of certain selections and 
hybrids is diown in Pigs. 15, 16, and 17. 
SUMMARY 
Watermelon wilt, caused by Pusarlum niveum EPS., is a 
serious disease in Iowa as vrell as in many other sections of 
the United States. The present lovm acreage is less than 10 
per cent of the acreage before wilt became a factor. 
Two previously unrecognized symptoms are described. Tlies© 
are: leaf chlorosis and hastened blossoming, seedling rot is 
also described in detail. 
Infection may occur throu^ roots formed on a portion of a 
stem covered with infested soil. 
Comparative physiologic tests v/ere made with 17 cultures of 
Fusarinif niveum obtained fran v/idely separated localities. 
These cultures differ^in: (1) rate of growth on artificial 
media, (2) degree of sporulation, (3) type of pigmentation, 
(4) rat© of starch digestion, (5) morphology, and (6) ability 
121-
to change the pH of neutral media. 
Seedling rot is more severe at a soil temperatixre of 16-
18®C. than at 22-25°C. or 25-28°C. It may be partially pre­
vented by seed disinfection with certain dust fungicides, so 
that practical control of this phase of the disease can b© 
secured. 
Seedling wilt is more severe at a soil temperature of 25-
28°C. than at lower temperature. 
Relative resistance of the varieties Kleckley sweet and 
Stock citron remains unchanged viien seedlings are transplanted 
from steamed soil into infested soil. 
The rate of seedling wilting is positively correlated with 
the degree of s oil infestation. Tliis applies whether or not 
the soil is naturally or artificially infested and whether or 
not seeds are planted in infested soil or seedlings are trans­
planted from steamed soil into infested soil. 
There is a tendency toward positive correlation of the rate 
of wilting in the field and the air temperature. In general, 
rapid wilting is accompanied by warm weather-. 
The application of lime, manure, and commercial fertilizer 
in various proportions to infested field soil failed to reduce 
infection of the variety Kleckley sweet. 
Resistance to wateraelon wilt among the varieties of 
Citrullus vulgaris is relative. In general, the edible varie­
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ties are susceptible while the inedible varieties are resis­
tant. 
Slight differences in the relative resistance of edible 
varieties exist, the variety designated as "Japan No. 7" being 
the most resistant of the edible varieties tested, Tlie variety 
Conqueror, under Iowa conditions, is only slightly more resis­
tant than the variety Kleckley sweet# 
Marked differences in the relative resistance of inedible 
varieties exist, the variety Preserving citron being the least 
resistant, and the varieties White seeded and Majorta being 
the most resistant of the varieties tested* 
A genotype selected from the variety Kleckley sweet has 
been isolated whose progeny was approximately 50 per cent re­
sistant in 1928, while the variety Kleckley sweet was 100 per 
cent susceptible. This selection is designated, temporarily, 
as K—S4« 
I'he progeny of genotypes of the variety Kleckley sweet 
selected for resistance in 1928 were more resistant to seed­
ling wilt than the variety Kleckley sweet. These selections 
are members of the "H" and "B" series. 
Five hybrids resulting from crosses of the variety Con­
queror on the commercial varieties Kleckley sweet, Tom Watson, 
Halbert honey, and Excel were more resistant than these varie­
ties in 1928. The relative resistance of these hybrids in 
1928 was as follows: hybrid 30-46 per cent; hybrid 33-59 per 
cent; hybrid 43-22 per cent; hybrid 90-35 per cent, and hybrid 
137-55 per cent. The check variety Kleckley sweet was 99 per 
cent susceptible* 
Two hybrids, Q21 and Q23, apparently chance crosses of 
unknown varieties on the variety Conqueror, were 68 and 64 per 
cent resistant in 1928, where, under similar conditions, the 
varieties Kleckley sweet, Tom Watson, Tiiurraond gray, Excel, 
Dixie belle, and Halbert honey were 100 per cent susceptible, 
Pg hybrids of the variety Preserving citron x Tom Vi,'atson 
were resistant to wilt but hi^ly susceptible to mosaic. 
Pg hybrids resulting from crosses of the variety White 
seeded on the variety Halbert honey ?/ere resistant in 1927 
and 1928, Type and flesh quality of the melons varied. The 
per cent of red-fleshed melons produced by the Pg of this cross 
was 26.8. One family, namely 156-S2-S3, produced 44»2 per cent 
red-fleshed melons. 
Technique for measuring the relative resistance to seed­
ling v;ilt of varieties, selections, and hybrids is described. 
-124-
LITERATURE CITED 
(1) Sutler, E,J. 
1910, The -wilt disease of the pigeon pea and the para­
sitism of Heocoaiaospora vasinfecta Smith. India 
Dept. Agr. Mem. Sot. ^ er. v, 2, No. 9. 
(2) Edgerton, C.W, 
1918, A study of wilt resistance in the seed-bed, 
Phytopath. 8: 5-14. 
(3) and C.C. Moreland, 
1920. Tomato v/ilt. La. Agr. Exp. Sta, Bull. 174. 
(4) Elliott, J,A. 
1924, Tomato wilt and its control in Arkansas. Ark. 
Agr. Exp. Sta, Boll. 193, 
(5) Pulton, H.R, and J.R, Winston, 
1914, Watermelon wilt spread by contaminated seed, 
N,C. Agr. Exp, Sta. Bien. Rept, 1913-1914: 
48-51, 
(6) Pameti, R, 
1907, L*avviz2imento dei Gacomeri in Italia, Revista 
di Patologia Vegetale, n.,s., 11: 241-242, 
(7) Higgins, B,B, 
1909, Is Neooosmospora vasinfecta the perithecial 
stage or the Fusarium whicti causes cowpea wilt? 
N,G. Agr. Exp. Sta. 32nd Ann. Rept. 1909: lOQ-116, 
(8) Jones, L,R, and J.C. Gilman. 
1915, The control of cabbage yellows through disease 
resistance. Wis. Agr. Exp. Sta. Res. Bull. 38, 
(9) , J.C, Walker, and John Monteith, Jr, 
1925, Fusarium resistant cabbage: progress with second 
early varieties. Jour. Agr, Res, 30: 1027-1033, 
(10) , , and W.B. Tisdale, 
1920, Pusari-um resfstant cabbage. Wis, Agr. Exp. Sta. 
Res. Bull. 48, 
(11) Maneval, W.E, 
1924, Longevity of cultures of Pusaria, Phytopath, 
14: 408-410, 
-125-
(12) Helhus, I.E., A.T. Erwin, and P. Van Hal tern, 
1926. Cabljag© yellows, caused by Pusaritun congluti-
nana in Iowa. la. Agr. Exp". Sta. Bull. S35.' 
(13) Orton, W.A. 
1900, The wilt disease of cotton and its control. 
U.S. Dept. Agr., Div. Veg. Phys. and Path, 
Ball, 27. 
(14) . 
ISUSI ^Some diseases of the cowpea. U.S. Dept. Agr.. 
Bur. PI, Ind, Bull, 17, 
(15) , 
'On the breeding of disease resistant varieties. 
Inter, Gonf. on Plant Breeding and Hybridi­
zation, Proc. 1902. (In Hort. Soc. N.Y. Mem. 
1: 41-54). 
(16) . 
TOTT ^Plant breeding as a factor in controlling plant 
diseases, Amer. Breeders Assoc. Ann. Rept. 1* 
69-72. 
(17) 
A study of disease resistance in watermelons. 
Science, n.s. 25; 288, 
(18) 
IOT7 On the theory and practice of breeding disease 
resistant plants, Ainer. Breeders Assoc. Ann. 
Kept. 4; 145-156, 
. 
1911 • development of disease resistant varieties 
of plants, IV Gonf. Internationale de Genetique, 
Paris, 1911. Comptes rendus et rapports, 247-265. 
and W,W. Gilbert. 
T5IST ^Thie control of cotton wilt and root-knot. U.S. 
Dept. Agr., Bur. PI. ind. Circ. 92. 
(21) Parker, M.M, 
1925, Cantaloupe culture with plants started under 
glass. Va. Truck Exp. Sta. Bull. 51. 
(22) Porter, D.R. 
1926, Watermelons that won^t wilt on sick ground, 
la. Hort. Soc. Trans. 61: 213-216. 
-126-
(23) . 
1927• Watermelon wilt infection studies. Piiytopatii, 
17: 47-48 (Abst.K 
(24) 
'"152'5"^  Infection studies with v;atermelon vd.lt caused 
by Pusarium niveum EPS. la. Agr. Exp. Sta, 
Res. Ml. lis: 
(25) ______ 
'15"Si!n Varietal resistfince of watermelons to wilt 
(pusarium niveum EPS.). Phytopath. 18: 144. 
(A-bst.). 
(26) ,  
^Studies with watermelon wilt, caused by Pusar-
iuia niveum EPS. Phytopath. 18: 17-18. (Abst .). 
(27) and W. J. Henderson. 
1928» Progpesa report on vegetable disease investi­
gations in Iowa, 1928. la. Hort. Soc, Trans. 
63: 234-241. 
(28) and I.E. Melhus. 
1929• IPiirther studies on v/atermelon wilt in Iowa, 
Phytopath. 19i 84 (Abst.). 
(29) Pritchard, P.J. 
1922. Development of wilt resistant tomatoes. U.S. 
Dept. Agr., Bull. 1015. 
(30) Rosa, J.T. 
1925. Pollination and fruiting habit of watermelons. 
Amer. Soc. Hort. Sci. Proc, 22: 331. 
(31) » 
1928. T^he inheritance of flower types in Gucumis 
and Citrullus. Hilgardia 3: 234-250. 
(32) Smith, E.P. 
1894. The watermelon disease of the south. Amer. 
Assoc. Adv. Sci. Proc. 43: 289. 
(33) . 
1895. The watermelon vrilt and other wilt diseases due 
to Pusariiam. Amer. Assoc. Adv. Sci. Proc. 44: 
190. 
-127 
1 mill ' Vhe spread of "olant diseases. A consideration 
of some of the ways in which parasitic organ­
isms are disseminated. Mass. Hort. Soc, Trans, 
1897. 
'•"laaa Wilt disease of cotton, cowpea, and watermelon, 
* U.S. Dept. Agr., Div. Veg. Path, and Phys. 
Bull. 17. 
(36) Stokdyk, E.A. cahhage yellows investiga-
1924. Kansas. Phytopath. 14t 24 (Ahst.) . 
(37) Stackey, ^Yatermelons. Ga. Agr, Exp. Sta. Bull. 143, 
(38) Qf the wate3?melon and related crops, 
Tex, Agr, Exp. Sta, Bull. 260, 
(39) Walker, J.O., John Monteith Jr., ^ d P.L. 
TQ?7. Development of three midseason varietl 
of cabbage resistant to yellows (^sarim 
conglutinans Woll.), Jour. Agr, ob: 
785-809. 
f40) and P.L. Wellman. . 
1 ' 'a survey of the resistance of subspecies or 
Brassica oleracea to yellows (Ftisarium^con­
glutinans). Joui?. Agr. Res, 37: a;5^ .-ii4rr^  
(41) * Tomato wilt investigations. Kan. Agr. Exp. 
Sta. Tech. Bull. 20. 
(42) oji the Pusarium problem. Phytopatii. 
3: 24-50. 
